iSNI 


NviNosHilws  S3iuvaan 
2 


LIBRARIES  SMITHSONIAN  INSTITUTION  NOliflillSNI  NVIN 

^ Z ..y  jt-.  A ^ CO 

:x3 
> 

;o 


m ^ 

1 1 ES^SMITHSONIAN-INSTITUTION 

^ z .>v.  </> 


\ 


ISNI 


X 
cn 
O 

~ 2 
z if)  ^ 2 

_NviNOSHiiws  S3fyvaan_ 


M 


LIB  RAR  I ES^SMITHSONIAN  INSTITUTION^NOlinJLIlSNrNVIN 

C/>  S 


O 

nES^  SMITHSON  I AN 


INSTITUTION 


K . 


m 


^ m 

iSNI~NVIN0SHi!^S^S3  I HVa  8 n~ 

Z t/i  . 'Z. 


N0liniliSN|~‘NVIN0SHillNS^S3 1 avu  a n'^LI  B RAR  I ES^SMn 

LI  ' ^ 2 

'?c  Ji  i = lr^*M  ” '*  '31 2 

LIBRARIES^  SMITHSONIAN  INSTITUTION^NOliniliSNI  NVIf 

\ g Z ^ z 

^ ^ 2 

O I 

X O 


MES  SMITHSONIAN 

(f) 

UJ 

q: 

< 
q: 

CO  y 


INSTITUTION 


N0linillSNI^NVIN0SHillVs‘^S3  I a Va 3 IT^LI  B RAR  I ES^SMIl 

^ z \ ^ ^ 

~ ^ ^ >''^=?cn5>^  lU 

CO  5 CO 


ISNI  NVINOSHillNS  S3iaVH8n 
r- 


LIBRARIES  SMITHSONIAN  INSTITUTION  NOliniliSNI  NVIN 


z 

o 


CO  — C/>  = CO  E — CO 

MES  SMITHSONIAN  INSTITUTION  NOliniliSNINVINOSHimS  S3  I 8 VB  8 n_LI  B RAR  I ES  SMI1 

Z .V.-  CO 

< 


\ 


X 

CO 

o 

z 


X 
CO 

o 
z 

> 

iisNi  NviN0SHims^S3iavaan^ 

CO 


I® 


CO 


X 

CO 

o 


> 2 Z 

LI  B RAR  I ES^  SMITHSONIAN  INSTITUTION^NOlinillSNI  NVIl 

UJ  5 UJ 

.w 

\ “ 

o O DV>^  ^ O ^ X;i^Uu^T^  Q 

R I ES^SMITHSONIAN“^INSTITUTION  N0IiniIiSNl'^NVIN0SHimS^S3  I d VB  8 Il’^LI  B RAR  I ES^SMI 
z r-  ^ ^ z ^ ^ z r-  z 


CO 


S3liJVdan  LIBRARIES  SMITHSONIAN  INSTITUTION  NOliOiliSNI  NVINUbHims  iSJiaVd 


^ rn  m 

N “"INSTITUTION^  NOliniliSNrNVINOSHilWS  S3 1 B VB  8 n““LI  B R AR  I ES^SMITHS0N1AN“INSTITU1 

o X . o 

to  ^ t/> 


«g  33,  2 J,  N^piTxSt^  2 

s“’s3 1 a vb a i-i  a rar  i es‘”smithsonian_institution  NoriniiisNi  nvinoshiiws'^sb  i ava 


q: 

< 

oc 

m 


0 ~ 0 “ '^ssSi^  o 

N“INSTITUTI0N  N0linitiSNl"'NVIN0SHiIWS^S3  I a va  a n“*L)  B RAR  I ES^SMITHSONIAN“'lNSTITUl 

z r*  2: 


O ><t4«.TirS5s.  Av  O O ^ 

^ m is  m ^ m 

S3 1 HVB  a nllLI  B RAR  I ES  SMlTHSONIAN^INSTITUTION^^NOliniliSNrNVINOSHillAIS^ S3 1 HVB 

s I ~ ~ ~ 


s 

w 


M INSTITUTION  NOIiniliSNI_NVINOSHillA;S  ^S3  I bVb 3 IT  LIBRARIES  SMITHSONIAN  INSTITUl 
= _ to  -3^  > <0  “ (/)  “ 


O xijvosv^^  *“  ^»VAS»">^  O '•  VS'  ZI  '■CiVASV^ 

5^S3IBVBan  LIBRARIES  SMITHSONIAN  INSTITUTION  NOliniliSNI  NVINOSHilWS  S3IBVB 

w N5V/ihhh^^  m oc-^i^  ^ ^ fn  ^ fTi  2 


3 •■  '>, 

\zYA^ 

m I W 25  I VO. 

N“lNSTITUTION  ^ NOllDiliSNrNVINOSHimS  S3  I B VB  8 n"“LI  B R AR  I ES^SMITHSONIAN  INSTITU" 
2 .V  ^ 5 ^ S ^ 2: 

< ^ .<  2 .<  xVv.s  2 


X 

tn 

O 


X 
to 

o ^ 

s 2 5 •■^'  s '^'k  Z Ngujigs^  2 

s“s3iavaan^l-IBRARIEs“sMITHS0NIAN  INSTITUTION  NOlIDiliSNl  NVIN0SHilWs“’s3  I a Va 
to  = to  X tn  — . cn 


UJ 


2 

CO 


01 

< 

q: 

GQ 


Hwi 


_ O XdN  dC>>^  ~ O xy  PS::>^  — Q 

N “^INSTITUTION  N0liniliSNl‘^NVIN0SHimS^S3  I BVB  8 Il'^LI  B RAR  I ES^SMITHSONIAN~INSTITU  i 
r-  2 r-  , 2 _ - 


jyAsv^^  m 

to  f:  CO  X (/) 

c c-aiwv/wan  i inPACJiFQ  qmituchmiam  iMQTiTiiTinM  Kinnn 


ICKII  MWIKinQUIlIAlQ  Q T t 5^  W 


ISSN  0097-4463 


ANNALS 

0/ CARNEGIE  MUSEUM 

THE  CARNEGIE  MUSEUM  OF  NATURAL  HISTORY 

4400  FORBES  AVENUE  • PITTSBURGH,  PENNSYLVANIA  15213 
VOLUME  61  28  FEBRUARY  1992  NUMBER  1 


CONTENTS 


ARTICLES 

The  butterflies  (Insecta:  Lepidoptera)  of  Crooked,  Acklins  and  Mayaguana 
islands,  Bahamas,  with  a discussion  of  the  biogeographical  affinities  of 
the  southern  Bahamas  and  description  of  a new  subspecies  by  H.  K. 
Clench Lee  D.  Miller,  Mark  J.  Simon  and  Donald  J.  Harvey  1 

Summer  and  winter  thermal  conductance  of  Blarina  brevicauda  (Mammalia: 

Insectivora:  Soricidae)  inhabiting  the  Appalachian  Mountains 

Francisco  Bozinovic  and  Joseph  F.  Merritt  33 

Revision  of  the  Wind  River  faunas,  early  Eocene  of  central  Wyoming.  Part 
12.  New  species  of  omomyid  primates  (Mammalia:  Primates:  Omo- 
myidae)  and  omomyid  taxonomic  composition  across  the  early-middle 

Eocene  boundary 

. . . K.  Christopher  Beard,  Leonard  Krishtalka  and  Richard  K.  Stucky  39 

Eludocoris,  a new  genus  of  Pentatomidae  (Insecta:  Heteroptera)  from  Costa 
Rica Donald  B.  Thomas 


■MW' 


63 


Editors,  ANNALS,  BULLETIN  and  SPECIAL  PUBLICATIONS: 


L.  Krishtalka 
C.  J.  McCoy 

M.  A.  Schmidt,  Assistant  Editor 


Manuscripts,  subscriptions,  orders  for  individual  numbers,  and  changes  of  address 
should  be  sent  to: 

Office  of  Scientific  Publications 

The  Carnegie  Museum  of  Natural  History 

4400  Forbes  Avenue 

Pittsburgh,  PA  15213-4080 

Phone  (412)  622-3287 

Fax  (412)  622-8837 


ANNALS  OF  CARNEGIE  MUSEUM  is  published  quarterly  by  The  Carnegie  Museum  of  Natural 
History,  4400  Forbes  Avenue,  Pittsburgh,  Pennsylvania  15213-4080,  by  the  authority  of  the  Board 
of  Trustees  of  Carnegie  Institute. 

© 1992  Carnegie  Institute. 


THE  CARNEGIE 

MUSEUM  OF 
NATURAL  HISTORY 


THIS  PUBLICATION  IS  PRINTED  ON  ACID-FREE  PAPER. 


ANNALS  OF  CARNEGIE  MUSEUM 


VoL.  61,  Number  1,  Pp.  1-31 


28  February  1992 


THE  BUTTERFLIES  (INSECTA:  LEPIDOPTERA)  OF  CROOKED, 
ACKLINS  AND  MAYAGUANA  ISLANDS,  BAHAMAS,  WITH  A 
DISCUSSION  OF  THE  BIOGEOGRAPHICAL  AFFINITIES  OF 
THE  SOUTHERN  BAHAMAS  AND  DESCRIPTION  OF  A 
NEW  SUBSPECIES  BY  H.  K.  CLENCH 

Lee  D.  Miller ‘ 

Research  Associate,  Section  of  Invertebrate  Zoology 
Mark  J.  Simon^ 

Donald  J.  Harvey^ 

Abstract 

Records  of  butterflies  from  Crooked,  Acklins  and  Mayaguana  islands,  Bahamas,  are  enumerated, 
and  an  appendix  by  the  late  Harry  K.  Clench  is  presented.  Several  new  taxa  are  described:  Memphis 
intermedia  venus,  Memphis  intermedia  mayaguanae,  Hemiargus  thomasi  clenchi,  Eurema  chamber- 
laini  clenchi,  all  Miller,  Simon  and  Harvey;  and  Strymon  acis  leucosticha  H.  K.  Clench.  Biogeographical 
affinities  of  the  butterflies  of  the  isolated  southern  Bahamas  are  analyzed  in  light  of  Tertiary  tectonic 
and  Pleistocene  climatic  events. 


Introduction 

Crooked  and  Acklins  are  the  dominant  islands  on  their  small  shared  bank.  This 
bank  lies  some  30  mi  (48  km)  southeast  of  the  Great  Bahama  Bank  and  is  separated 
from  it  by  the  Crooked  Island  Passage,  a deep  channel  that  was  not  emergent  at 
any  time  during  the  Pleistocene.  To  the  south  lies  Great  Inagua  (see  Simon  and 
Miller,  1986)  also  on  its  own  bank  about  50  mi  (80  km)  from  Acklins  and  also 
separated  by  deep  water  except  for  the  now  submerged  Hogsty  Reef  To  the  east 
of  Acklins  lies  Mayaguana,  a small  island  on  a very  small  bank,  separated  from 
Crooked  and  Acklins  by  the  deep  Mayaguana  Passage.  Mayaguana  is  in  turn 
separated  from  the  Inaguas,  which  lie  to  the  southwest,  and  from  the  islands  of 
the  Caicos  Bank  to  the  southeast  by  the  Caicos  Passage.  These  islands  of  the 
southern  Bahamas  are  considerably  farther  from  one  another  than  are  the  northern 
ones,  and  apparently  always  have  been  separate,  even  during  lowered  sea  levels 
of  the  Pleistocene. 

The  three  islands  are  relatively  low  (but  not  for  the  Bahamas)  and  almost  entirely 
formed  of  coral  rock.  Each  has  a low  ‘‘spine”  through  the  center  that  is  less  than 
100  m (330  ft)  in  elevation.  Crooked  has  an  area  of  181  km~,  Acklins  497  km- 
and  Mayaguana  285  km^  compared  to  an  adjusted  (for  the  presence  of  Lake  Rosa) 
area  of  1269  km^  for  Great  Inagua  (Anonymous,  1976,  modified  by  Clench,  MS). 
All  three  islands  are  slightly  to  considerably  wetter  than  Great  Inagua,  which 
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receives  28  in  (7 1 cm)  of  rain  annually.  Mayaguana  receives  32  in  (8 1 cm),  Acklins 
36  in  (91  cm)  and  Crooked  38  in  (97  cm)  of  yearly  rainfall  (Anonymous,  1976), 
but  they  are  much  drier  than  islands  to  the  north,  which  may  receive  as  much  as 
65  in  (165  cm)  of  rainfall  each  year. 

Crooked  is  about  20  km  long  along  a southeast  to  northwest  axis,  and  10  km 
at  its  greatest  width  northeast  to  southwest.  It  is  a hilly  island  for  the  Bahamas, 
elevations  reaching  155  ft  (47  m).  The  human  population  of  the  island  is  about 
350,  most  of  whom  live  in  either  Colonel  Hill  near  the  center  of  the  island  or  at 
Landrail  Point  (= Pitts  Town)  at  the  northwest  corner.  Other,  smaller  settlements 
include  Church  Grove,  Majors  Cay,  Browns  and  Cabbage  Hill.  A small,  saline 
lake  near  the  northwestern  end  of  the  island,  near  Landrail  Point,  has  some 
mangroves  around  its  margins;  another  mangrove  swamp  occurs  in  the  area  south 
of  Colonel  Hill,  and  scattered  stands  of  mangroves  occur  elsewhere  along  the 
coastline.  Usually,  the  narrow  coastal  strand  has  such  typical  plants  as  Bay  Cedar 
{Suriana  maritima  L.)  and  planted  Australian  Pines  (Casuarina).  Inland,  the  forest 
changes  abruptly  to  dry-to-mesic  hammocks  with  vegetation  similar  to  but  lusher 
than  that  on  Great  Inagua  (Clench  and  Bjorndal,  1980).  Scattered  hypersaline 
areas  and  disturbed  areas  (particularly  around  towns)  each  bear  characteristic 
plants  and  support  different  butterflies. 

Acklins  is  an  irregular,  L-shaped  island  that  is  widest  (12  km  [7,5  mi])  at  the 
northern  segment  near  Northeast  Point.  It  is  about  48  km  (29  mi)  from  Northeast 
Point  to  Salina  Point.  The  maximum  elevation  is  142  ft  (43  m)  (Anonymous, 
1976),  but  Clench  (MS)  claimed  that  one  hill  near  Jim  Point  exceeds  61  m (200 
ft)  in  elevation.  The  population  was  936  people  in  1975,  most  centered  in  Spring 
Point,  with  other  people  living  in  outlying  villages  such  as  Snug  Harbor,  Pinefield, 
Lovely  Bay  and  Delectable  Bay,  Habitats  are  substantially  the  same  as  on  Crooked, 
but  Clench  (MS)  stated  that  there  is  none  of  the  high,  dense,  hammock-like  forest 
characteristic  of  Crooked’s  interior.  Miller’s  (1987)  assertion  to  the  contrary  may 
be  in  error. 

Mayaguana,  oriented  west-northwest  to  east-southeast,  is  about  25  km  (15.5 
mi)  long  and  perhaps  6 km  (nearly  4 mi)  wide  at  its  widest  point.  The  approxi- 
mately 850  residents  (581  in  the  1975  census  [Anonymous,  1976])  live  in  the 
towns  of  Abrahams  Bay  on  the  south-central  coast  and  Pirates  Well  and  Bessy 
Bay  on  the  northern  coast.  Highest  elevations  are  a 131  ft  (40  m)  point  just 
northwest  of  Abrahams  Bay  and  a 105  ft  (32  m)  hill  just  west  of  the  airport.  The 
vegetation  types  are  similar  to  those  on  Crooked  and  Acklins,  but  the  island’s 
relative  aridity  approaches  that  of  Great  Inagua. 

Until  1979,  the  butterflies  of  Crooked,  Acklins  and  Mayaguana  islands  were 
not  well  studied,  with  field  work  totalling  1 1 man-hours  of  butterfly  collecting  on 
Acklins,  1 5 on  Crooked  and  four  on  Mayaguana  (Clench,  MS).  Before  his  death, 
Harry  Clench,  a curator  at  the  Carnegie  Museum  of  Natural  History,  had  planned 
a trip  to  these  islands  to  complete  his  study  of  Bahamian  butterflies.  Instead,  in 
1979  and  from  1986-89,  the  authors  spent  42  man-hours  collecting  butterflies  on 
Acklins,  200  on  Crooked  and  102  on  Mayaguana. 

This  collecting  activity  increased  the  number  of  species  recorded  prior  to  1979 
from  18  to  27  on  Crooked,  14  to  25  on  Acklins  and  five  to  22  on  Mayaguana 
(plus  a sight  record  that  is  not  confirmed  by  a specimen).  These  figures  are  con- 
sistent with  species/area  projections,  with  the  exception  of  Acklins. 

Crooked  and  Acklins  are  very  similar  faunistically,  as  expected,  because  they 
share  the  same  bank,  whereas  the  picture  is  more  complex  elsewhere.  Great  (and 
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Little)  Inagua  usually  share  faunal  elements  with  islands  of  the  Caicos  and  Turks 
Banks,  and  all  of  these  islands  share  several  subspecies  with  Mayaguana,  whose 
fauna,  in  turn,  more  closely  resembles  that  of  Turks  and  Caicos  than  the  Inaguas. 
Few  butterflies  on  these  islands  occur  in  the  Crooked- Acklins  fauna.  The  butterfly 
faunas  of  the  Inaguas,  Turks  and  Caicos  and  Mayaguana  are  not  identical,  how- 
ever, diflering  especially  in  the  local  subspecies  of  Eurema  chamberlaini  (Butler) 
and  Memphis  intermedia  (Witt).  These  differences  and  similarities  allow  analysis 
of  the  southern  Bahamian  fauna  and  its  differentiation  from  that  of  the  northern 
Bahamas. 

Most  of  the  specimens  collected  by  Harvey  are  in  the  Carnegie  Museum  of 
Natural  History,  Pittsburgh  (CMNH),  and  the  majority  of  the  butterflies  and 
moths  collected  by  Miller  and  Simon  are  in  the  Allyn  Museum  of  Entomology 
of  the  Florida  Museum  of  Natural  History,  Sarasota  (AME). 

Collecting  Localities 
Crooked  Island 

1.  Vicinity  of  Colonel  Hill.  This  locality  is  more  than  1 km  inland  from  the 
coast  and  is  either  in  the  disturbed  habitats  around  town  or  in  tall  forest,  so  that 
several  habitats  are  involved.  The  disturbed  country  habitat  had  plants  such  as 
Bidens  and  Bourreria,  and  attracted  mostly  “weedy”  species  of  butterflies.  The 
forest  margin  habitats  were  in  hilly  country,  had  fewer  flowers  and  more  indig- 
enous butterflies.  The  forest  had  some  trees  higher  than  10  m (33  ft),  which  is 
greater  than  tree-height  on  Great  Inagua  (Simon  and  Miller,  1986)  [Harvey  in 
1979]. 

2.  Airport,  ca.  1.5  mi  W of  Church  Grove  and  2 mi  SE  of  Colonel  Hill.  This 
area  was  disturbed  country  near  the  coast,  bordering  on  a mangrove  swamp,  with 
flowers  such  as  Bourreria  in  the  disturbed  area  and  Avicennia  in  the  mangrove 
swamp  [Harvey  in  1979]. 

3.  Church  Grove,  a small  inland  settlement  on  a high  hill  midway  between  the 
airport  and  Landrail  Point.  The  area  is  drier  than  around  Colonel  Hill,  but  there 
are  many  cultivated  flowers  in  the  town.  Little  collecting  was  done  here  [Harvey 
in  1979]. 

4.  1.5  mi  W of  Church  Grove.  This  area  was  a mangrove  swamp  just  below 
the  hill  on  which  Church  Grove  is  situated.  The  predominant  flowers  were  those 
of  black  mangrove  {Avicennia  germinans  Jacq.),  and  these  attracted  many  but- 
terflies. The  area  was  dry  with  no  flowers  and  very  few  butterflies  when  visited 
by  Miller  and  M.  J.  Simon  in  1986  [Harvey  in  1979]. 

5.  Fairfield.  This  locality  on  the  east-central  part  of  the  island  is  in  typical  low 
scrub,  practically  indistinguishable  from  other  nonhammock  localities  on  the 
island  [Harvey  in  1979], 

6.  Ferry  crossing  about  2 mi  E of  Browns.  This  area  is  predominantly  coastal 
scrub,  but  there  are  salt  flats  nearby  with  Salicornia  and  associated  halophytic 
vegetation  [Harvey  in  1979]. 

7.  Cabbage  Hill.  This  town  is  located  in  the  middle  of  the  island  at  an  elevation 
of  ca.  20  m.  The  vegetation  is  highly  disturbed  in  town,  but  is  more  typical  scrub 
farther  from  habitation  [Harvey  in  1979]. 

8.  Pitts  Town  (^Landrail  Point)  and  environs.  The  town  lies  on  the  northwest 
coast  of  the  island.  Collecting  was  done  in  town  or  along  the  road  within  a half 
mile  of  the  town.  The  habitats  were  largely  disturbed  and  flowers  of  Bidens  pilosa  L. 
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and  Stachytarpheta  jamaicensis  (L.)  Vahl  predominated,  along  with  those  of 
cultivated  Bougainvillea.  The  soils  are  sandy,  rather  than  rocky  [Simon  and  Miller 
in  1986]. 

9.  2-4  mi  E of  Pitts  Town.  This  locality  is  in  the  tall,  inland  hammock-like 
forest.  Flowers  were  scarce  and  found  only  along  the  forest  margins.  Most  col- 
lecting was  done  either  along  the  road  or  on  short  trails  into  the  woodland  [Simon 
and  Miller  in  1986]. 

10.  6 mi  E of  Pitts  Town.  This  was  a small  mangrove  swamp  and  its  margins. 
The  margin  of  the  swamp  was  arid,  but  there  were  a few  flowers,  especially 
Passiflora  and  Stachytarpheta.  Butterflies  were  fairly  common  here  [Simon  and 
Miller  in  1986]. 

1 1 . 1.5-2  mi  W of  Church  Grove  (same  as  locality  4).  This  area  was  excessively 
dry  during  1986  [Simon  and  Miller  in  1986]. 

12.  0-1  mi  NW  of  Landrail  Point  (same  as  locality  8).  This  area  was  quite  dry, 
and  the  Stachytarpheta  that  bloomed  so  profusely  in  1986  was  absent  in  1988 
[Miller  and  Simon  in  1988]. 

13.  Vic.  Landrail  Point.  Specimens  from  this  locality  were  collected  in  several 
disturbed  sites  near  the  edge  of  town.  At  two  of  the  sites,  Stachytarpheta  was 
blooming  in  profusion,  and  at  another  there  were  large  and  impressive  stands  of 
blooming  Lantana  and  Bourreria  [Miller  and  Simon  in  1988]. 

14.  6 mi  E of  Landrail  Point  (same  as  locality  10).  Vegetation  was  unchanged 
from  1986  [Miller  and  Simon  in  1988]. 

15.  Crooked  Island  airport.  This  locality,  about  2 mi  east  of  Colonel  Hill,  was 
very  much  disturbed.  The  only  time  we  collected  there,  it  was  very  dry  and 
disappointing,  despite  recent  rains  [Miller  and  Simon  in  1988]. 

16.  Salina  west  of  True  Blue.  This  locality  was  extremely  dry  and  had  few 
plants  other  than  Batis  [Miller  and  Simon  in  1988]. 

17.  True  Blue.  This  locality  was  a disturbed  area  in  a churchyard  in  town. 
There  were  some  blooming  Lantana  plants  that  attracted  a few  butterflies  [Miller 
and  Simon  in  1988]. 

18.  2 mi  E of  True  Blue.  This  locality  is  very  close  to  the  now  abandoned 
settlement  of  Browns.  The  area  was  one  of  low  scrub,  but  along  the  roadway  was 
a profusion  of  blooming  Stachytarpheta  that  attracted  many  hesperiids  [Miller 
and  Simon  in  1988]. 

19.  Ferry  crossing  at  east  end  (same  as  locality  6).  There  is  a mangrove  swamp 
along  the  coast  and  a wide  expanse  of  salt  flats  just  inland  from  it.  This  is  abruptly 
replaced  by  typical  low  scrub  farther  west.  Many  examples  of  flowering  bushes 
{Lantana  and  others)  were  present  at  this  locality,  and  a few  Avicennia  trees  were 
also  in  bloom  [Miller  and  Simon  in  1988]. 

20.  0-2  mi  E of  Landrail  Point.  This  locality  was  collected  over  four  days,  9- 
12  May  1989.  It  harbors  perhaps  the  lushest  hammock  growth  on  the  island  with 
large  numbers  of  Torchwood  {Amyris  elemifera  L.)  trees  [M.  J.  and  R.  A.  Simon 
in  1989]. 


Acklins  Island 

1.  Pinefield. 

2.  1.5  mi  S of  Pinefield. 

3.  Anderson, 

4.  Snug  Comer. 

5.  2 mi  S of  Hard  Hill. 
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6.  Harry  Point. 

7.  Delectable  Bay. 

8.  Vicinity  of  Spring  Point. 

9.  Lovely  Bay. 

These  localities  [all  Harvey  in  1979]  were  surprisingly  alike  with  lowland  scrub 
vegetation.  None  had  hammock-like  vegetation,  and,  with  the  exception  of  Ca- 
suarina,  there  were  no  tall  trees.  Hypersaline  environments  were  encountered  near 
Pinefield,  Harry  Point  and  Delectable  Bay,  This  lack  of  conspicuous  hammock 
vegetation  on  Acklins  seems  to  contradict  Miller’s  (1987)  assertion  that  Heraclides 
aristodemus  majasi  should  occur  on  the  island;  perhaps  it  does  not. 

Mayaguana  Island 

1 . Abrahams  Bay,  formerly  Charlton  Settlement.  This  community  lies  on  the 
south-central  coast  of  the  island.  It  had  some  relict  forest  patches  nearby  that  are 
completely  surrounded  by  disturbed  country,  usually  with  an  abundance  of  flow- 
ers. There  were  some  small,  isolated  salt  flats  overgrown  with  halophilous  plants 
such  as  Balls  maritima  L.  [Harvey  in  1979]. 

2.  1 mi  NE  of  Abrahams  Bay.  This  area  is  in  the  coastal  thorn  scrub  with 
relatively  few  plants  over  5 m (8  ft)  tall  [Harvey  in  1979]. 

3.  1 mi  N of  Abrahams  Bay.  This  area  is  in  the  transition  from  thorn  scrub  to 
taller  hammock-like  forest.  Most  collecting  was  done  along  the  trail  from  Abra- 
hams Bay  to  Pirates  Well.  There  was  a profusion  of  Amyris  elemifera  L.  here  in 
dense  scrub.  Most  of  the  swallowtails  were  encounted  from  here  to  locality  4 
[Harvey  in  1979]. 

4.  2 mi  N of  Abrahams  Bay.  This  area  is  in  the  taller  hammock-like  forest, 
which  is  almost  impenetrable,  and  most  collecting  was  done  on  the  trail  mentioned 
above.  There  are  usually  flowers  when  rain  has  fallen,  and  it  evidently  gets  more 
rain  than  does  any  other  area  [Harvey  in  1979]. 

5.  Pirates  Well.  This  area  has  disturbed  habitats  within  and  close  to  the  set- 
tlement [Harvey  in  1979]. 

6.  4 mi  W of  Abrahams  Bay.  This  area  is  near  the  airport  and  marks  the  end 
of  the  humid  woodlands  and  the  beginning  of  the  arid  western  end  of  the  island. 
Plants  include  Bidens  and  other  Compositae  [Harvey  in  1979]. 

7.  Mayaguana  airport.  This  is  about  four  road  miles  west  of  Abrahams  Bay 
and  is  disturbed  country  bordering  on  dry  short  forest.  Most  collecting  was  done 
in  the  disturbed  country  [Harvey  in  1979]. 

8.  Vicinity  of  Abrahams  Bay  (same  as  locality  1).  Due  to  recent  rains,  it  was 
relatively  lush  and  yielded  many  butterflies.  The  only  halophilic  butterflies  seen 
were  taken  at  a small  salt  pan.  Flowers  were  plentiful,  especially  those  of  Bidens 
and  Lantana  [Simon  and  Miller  in  1987]. 

9.  0-3  mi  N of  Abrahams  Bay  (includes  localities  3,  4).  Here  coastal  scrub 
blends  into  dry  forest,  with  occasional  small  hammocks,  which  continues  north- 
ward almost  to  the  north  coast.  The  soil  is  rocky,  and  the  trees  are  predominantly 
Acacia  and  Amyris;  flowers  are  mostly  Lantana,  Bidens  and  those  of  various 
undetermined  legumes.  Most  of  the  collecting  was  done  in  this  area  [Simon  and 
Miller  in  1987]. 

10.  3 mi  S of  Mayaguana  airport.  This  area  was  selected  because  it  had  the 
largest  Amyris  stand  on  the  island.  It  is  a rocky  area  about  30  m (100  ft)  in 
elevation  and  faces  the  southwest  coast.  Besides  the  numerous  Torchwood,  the 
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dominant  vegetation  is  Acacia.  Very  few  butterflies  were  encountered  because  it 
was  so  dry  [Simon  and  Miller  in  1987]. 

Systematic  Accounts 

Data  are  given  only  for  material  collected  by  the  authors,  although  earlier  records 
of  taxa  that  we  did  not  capture  are  mentioned.  Most  of  these  earlier  records  are 
included  in  Clench  (MS). 


Family  Danaidae 

Danaus  plexippus  (Linnaeus,  1758) 

This  insect  was  encountered  only  on  Crooked,  specimens  of  which  seemed 
referable  to  both  nominotypical  plexippus  and  to  the  southern  West  Indian  sub- 
species D.  p.  megalippe  (Hubner).  This  raises  the  question  of  correct  subspecific 
definition  or  whether  there  was  an  admixture  of  North  American  migratory  with 
Antillean  sedentary  populations  in  the  southern  Bahamas.  Inaguan  specimens  are 
definitely  megalippe  (Simon  and  Miller,  1986:3). 

Eggs  and  larvae  were  found  on  Asclepias  curassivica  L.  at  Colonel  Hill.  Adults 
visited  flowers  of  the  Milkweed  and  Eugenia  sp.  there,  and  specimens  were  taken 
at  Stachytarpheta  flowers  at  Pitts  Town. 

Localities.— Croo\it&.  Colonel  Hill,  17  and  19.vii.  1979,  Cabbage  Hill,  20.vii.l979;  Pitts  Town,  23, 
24  and  27.ix.1986. 


Family  Nymphalidae 
Agraulis  vanillae  insularis  Maynard,  1889 

This  species  is  abundant  on  all  three  islands.  It  was  seen  visiting  many  diverse 
flowers  such  as  Cynanachum  sp.,  Bourreria  ovata  Miers,  Borrichia  sp.,  Cordia 
bahamensis  Urb.,  Lantana  involucrata  L.,  Suriana  maritima  L.  and  Stachytar- 
pheta jamaicensis  (L.)  Vahl.  A female  was  noticed  ovipositing  on  an  unidentified 
Passiflora  about  6 mi  east  of  Landrail  Point. 

No  differences  can  be  detected  among  populations  throughout  the  Bahamas 
and,  along  with  Kricogonia  lyside  (Godart),  this  species  is  a candidate  for  the  most 
ubiquitous  butterfly  in  the  islands. 

Localities.— vie.  Colonel  Hill,  17,  20,  28  and  29.vii.1979;  airport,  ca.  2 mi  SE  of  Colonel 
Hill,  19.vii.l979;  1.5  mi  W of  Church  Grove,  1 8.vii.  1979,  26. ix.  1986;  Fairfield,  20.vii.  1979;  ferry 

crossing,  ca.  2 mi  W of  Browns,  21.vii.l979;  vie.  Pitts  Town,  22  and  27. ix.  1986;  vie.  Landrail  Point, 
21,  22. ix.  1988;  0-1  mi  NW  Landrail  Point,  19.ix.  1988;  6 mi  E of  Pitts  Town,  24.ix.  1986;  True  Blue, 
20. ix.  1988;  ferry  crossing  at  E end  of  island,  20. ix.  1988.  Acklins:  Pinefield,  22  and  23.vii.1979;  ca. 
1.5  mi  S of  Pinefield,  24.vii.1979;  Anderson,  25.vii.1979;  Delectable  Bay,  26.vii.1979;  Snug  Comer, 
26.vii.1979;  vie.  Spring  Point,  27.vii.1979.  Mayaguana:  Abrahams  Bay,  7.viii.l979,  27.ix.1987;  ca. 
1 mi  N of  Abrahams  Bay,  4.viii.l979;  ca.  2 mi  N of  Abrahams  Bay,  3.viii.l979;  0-3  mi  N of  Abrahams 
Bay,  28  and  29.ix.1987. 


Dryas  iulia  carteri  (Riley,  1926) 

We  observed  this  butterfly  only  on  Crooked,  apparently  at  the  southern  end  of 
its  distribution.  It  was  common  in  the  central  part  of  the  island  and  abundant  on 
the  western  part.  It  was  observed  nectaring  at  Cynanchum  and  Bourreria  ovata, 
whereas  most  of  the  specimens  collected  were  on  the  flowers  of  a cultivated 
Bougainvillea.  There  is  no  difference  between  the  Crooked  Island  material  and 
specimens  from  farther  north  in  the  Bahamas. 
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Localities.  —Crooked:  Colonel  Hill,  29.vii.  1 979;  vie.  Colonel  Hill,  17,19,  20  and  28.vii.  1 979;  Church 
Grove,  1 S.vii.  1979;  ca.  1.5  mi  W of  Church  Grove,  1 S.vii.  1 979;  Fairfield,  20.vii.  1979;  vie.  Pitts  Town, 
22,  23  and  24.ix.1986;  vie.  Landrail  Point,  21,  22.ix.1988;  2-4  mi  E of  Pitts  Town,  23  and  24.ix.1986; 
6 mi  E Landrail  Point,  21.ix.l988;  ferry  crossing  at  E end  of  island,  20.ix.l988;  0-2  mi  E of  Landrail 
Point,  9-1 2.V.  1989. 


Euptoieta  hegesia  hegesia  (Cramer,  1779) 

These  insects  were  abundant  on  Crooked  in  1979,  1986  and  1988,  on  Acklins 
in  1979  and  on  Mayaguana  in  1987.  The  specimens  from  Mayaguana  were  not 
seen  outside  the  immediate  confines  of  Abrahams  Bay.  Still,  the  insects  are  less 
common  on  any  of  these  islands  than  they  are  on  Great  Inagua  (Simon  and  Miller, 
1986:4).  They  nectar  frequently  on  Bourreria  ovata  and  Cordia  bahamensis  on 
Acklins,  whereas  they  were  found  on  Bidens  on  Crooked  and  on  an  unidentified 
composite  on  Mayaguana. 

Locator’s. —Crooked:  vie.  Colonel  Hill,  1 7,vii.  1 979,  first  record  for  island;  vie.  Pitts  Town,  23.ix.  1 986; 
vie.  Landrail  Point,  21,  22.ix.1988;  ferry  crossing  at  E end  of  island,  19.ix.  1988;  0-2  mi  E Landrail 
Point,  9-1 2. V.  1 989.  Acklins:  Pinefield,  22  and  23.vii.  1979;  ca.  1 .5  mi  S of Pinefield,  24  and  25.vii.  1 979; 
Harry  Point,  26.vii.1979;  Delectable  Bay,  26.vii.  1979;  vie.  Spring  Hill,  27.vii.1979;  Lovely  Bay, 
28.vii.1979.  Mayaguana:  vie.  Abrahams  Bay,  27.ix.1987;  first  records  from  island. 


Eresia  frisia  frisia  (Poey,  1832) 

This  species  was  recorded  on  Crooked  Island  by  the  Armour  Expedition  (Clench, 
MS),  and  by  the  authors  near  Landrail  Point,  9-12  May  1989. 


Junonia  genoveva  (Cramer,  1780) 

This  species  was  recorded  from  Crooked  and  Acklins  in  1979  and  from  May- 
aguana in  1987.  Individuals  were  found  nectaring  at  Stachytarpheta  on  Crooked 
and  were  taken  at  mud  on  Mayaguana.  They  are  always  found  close  to  the  putative 
foodplant,  Avicennia. 

Localities. —Crooked:  ferry  crossing  ca.  2 mi  W of  Browns,  21.vii.  1979,  first  record  for  island;  ferry 
crossing  at  east  end  of  island,  24.ix.1988;  vie.  Pitts  Town,  25  and  27. ix.  1986;  2-4  mi  E of  Pitts  Town, 
24. ix.  1986.  Acklins:  Delectable  Bay,  27.vii.  1979,  first  records  from  island.  Mayaguana:  vie.  Abrahams 
Bay,  27.ix.1987,  first  records  from  island. 


Marpesia  eleuchea  bahamensis  Munroe,  1971 

Specimens  were  taken  in  low  coastal  scrub.  The  species,  recorded  nectaring  on 
Cordia  bahamensis  on  Crooked  and  Acklins,  was  not  common,  and  it  was  not 
found  on  Mayaguana. 

Localities.— Crooked:  vie.  Colonel  Hill,  17  and  28.vii.  1979,  first  records  for  island;  vie.  Pitts  Town, 
27.ix.1986.  Acklins:  Spring  Point,  27.vii.1979;  first  records  for  island. 


[Hamadryas  amphichloe  diasia  (Fruhstorfer,  1916)] 

A single  individual  of  this  unmistakable  Antillean  endemic  was  seen,  but  not 
captured,  on  30  September  1987  about  2 mi  N of  Abrahams  Bay,  Mayaguana. 
The  insect  has  never  been  recorded  from  the  Bahamas,  but  a hurricane  had  crossed 
Hispaniola  (where  diasia  is  abundant)  and  brushed  Mayaguana  three  days  prior 
to  the  sighting.  We  postulate  that  this  insect  was  blown  to  Mayaguana  (it  is  a 
strong  flyer)  from  its  native  habitat  by  winds  peripheral  to  the  storm. 
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Fig.  \-4,— Memphis  intermedia  venus,  n.  subsp.  1-2.  Holotype  S,  upper  (1)  and  under  (2)  surfaces; 
BAHAMAS:  Acklins  L:  Pinefield,  22.vii.1979,  D.  J.  Harvey  Sta.  14  (CMNH).  3-4.  Paratype  2,  upper 
(3)  and  under  (4)  surfaces;  BAHAMAS:  Crooked  L:  vie.  Pitts  Town  [=Landrail  Point],  24.ix.1986, 
M.  Simon  and  L.  Miller,  sta.  1986-5  (AME).  Scale  line  = 20  mm. 

Memphis  intermedia  venus,  new  subspecies 
(Fig.  1-4) 

Description. Upper  surface  ground  color  more  orange  than  that  of  M.  i.  intermedia  (Witt); 
forewing  postmedian  spots  average  larger  than  in  nominate  subspecies  (but  in  some  individuals  these 
may  be  almost  absent,  especially  those  posteriad  of  CU2);  hindwing  anterior  pale  shade  very  weak 
(often  absent;  always  prominent  in  other  intermedia  subspecies);  hindwing  submarginal  ocelli  only  in 
spaces  Mj-Cu,  to  tomus  (an  ocellus  also  present  in  M2-M3  in  nominotypical  subspecies  and  the 
following  one  described  from  Mayaguana);  white  submarginal  hindwing  spots  characteristic  of  inter- 
media and  mayaguanae  absent  or  very  weakly  indicated. 

Undersurface  similar  to  that  of  nominotypical  subspecies,  but  with  more  extensive  pale  markings 
on  hindwing,  a broader  chestnut  inner  border  to  the  olive-green  hindwing  patch  and  weaker  hindwing 
ocelli  posteriad  of  M3  than  in  nominotypical  intermedia. 

Male  genitalia  as  in  M.  i.  intermedia. 

Length  of  forewing  of  holotype  male  28.6  mm,  those  of  male  paratypes  range  from  25.8  to  30.8 
mm,  averaging  28.2  mm. 

Female:  Differs  from  nominotypical  intermedia  in  the  same  respects  as  does  the  male,  with  the 
exception  that  the  white  submarginal  spots  on  the  upper  hindwing  are  more  prominent,  as  are  the 
postmedian  spots  on  the  upper  forewing,  these  being  more  tawny  than  in  male. 

Lengths  of  forewings  of  female  paratypes  range  from  27.1  to  36.9  mm,  averaging  33.2  mm. 

Described  from  181  specimens,  123  males  and  58  females,  from  Acklins  and  Crooked  islands, 
Bahamas. 
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Type  material.  — Holotype  male:  BAHAMAS:  Acklins  I.:  Pinefield,  22.vii.1979 
(D.  J.  Harvey).  Paratypes:  all  BAHAMAS:  Acklins:  19  males  and  7 females,  same 
data  as  holotype;  same  locality  as  holotype,  23.vii.1979  (13  males  and  8 females), 
24,vii.l979  (3  males  and  1 female);  ca.  1.5  mi  S Pinefield,  25.vii.1979  (1  male); 
Anderson,  25.vii.1979  (1  male);  Snug  Comer,  25.vii.1979  (1  male),  26.vii.1979 
(1  male);  Delectable  Bay,  26.vii.1979  (3  males  and  2 females),  27.vii.1979  (4 
males  and  2 females);  Gold  Rock,  March  6,  1909  (1  male  and  1 female);  “Pine- 
fields”  (Pinefield),  7.vi.l976,  on  Solanum  (3  males  and  2 females);  Spring  Point, 
5.vi.l976  (1  female).  Crooked:  3 mi  E Majors  Cay,  20.iii.l976  (1  male  and  1 
female);  ferry  crossing,  ca.  2 mi  W Browns,  21.vii.l979  (24  males  and  3 females); 
vie.  Colonel  Hill,  28.vii.1979  (3  males);  Colonel  Hill,  29.vii.1979  (1  male);  vie. 
Pitts  Town,  23.ix.1986  (6  males  and  3 females),  24.ix.1986  (4  males  and  6 fe- 
males), 25.ix.1986  (8  males  and  5 females),  26.ix.1986  (2  males  and  1 female); 
vie.  Landrail  Point,  21.ix.l988  (1  male),  22.ix.1988  (1  male);  2~4  mi  E Pitts 
Town,  27.ix.1986  (1  female);  6 mi  E Pitts  Town,  24.ix.1986  (7  males  and  7 
females),  25.ix.1986  (6  males  and  2 females),  26.ix.1986  (2  males  and  3 females); 
1 mi  NW  Landrail  Point,  19.ix.l988  (1  female);  0-2  mi  E Landrail  Point,  9- 
12.V.1989  (3  males  and  1 female). 

Disposition  of  type  —Holotype  male,  78  male  and  29  female  paratypes, 

CMNH;  35  male  and  21  female  paratypes,  AME;  and  8 male  and  9 female 
paratypes  in  collection  of  M.  J.  Simon. 

Etymology. —T\iQ  name  is  a classical  reference  to  the  goddess  of  love. 

Discussion.  Clench  (MS)  suggested  that  M.  verticordia  (and  its  recog- 

nized subspecies),  echemus  (Doubleday)  and  its  subspecies,  intermedia  (Witt)  and 
bahamae  (Witt)  were  conspecific  and  should  all  be  considered  subspecies  of  ver- 
ticordia. Perhaps  he  was  right,  given  that  all  of  the  taxa  are  allopatric.  All,  however, 
show  genitalic  differences  usually  sufficient  to  separate  species  in  the  Memphis 
complex.  Pending  further  study,  it  seems  most  prudent  to  consider  the  species  as 
distinct,  with  the  further  proviso  that  verticordia  and  intermedia  are  closely  related, 
perhaps  sister  taxa,  as  are  echemus  and  bahamae. 

Clench  recognized  the  status  of  the  Crooked-Acklins  butterflies  and  proposed 
the  name  ''venus''  in  notes  accompanying  his  series,  but  he  never  published  a 
description  of  it,  nor  could  we  find  any  notes  for  such  a description.  We  are, 
however,  limiting  the  type  series  more  than  Clench  had.  Two  specimens  from 
islands  not  on  the  Crooked-Acklins  Bank  are  excluded  from  the  type-series.  One 
of  these,  a female  from  West  Plana  Key,  16.iii.l976,  collected  by  H.  K.  Clench, 
was  originally  included  in  Clench’s  type-series,  but  is  not  identical  to  Crooked  or 
Acklins  females  and  may  represent  another  taxon.  The  second  specimen,  another 
female,  is  from  Spencer’s  Point,  Great  Abaco,  v.3.1909  (collected  by  W.  W. 
Worthington).  It,  too,  is  not  identical  to  specimens  of  venus,  and  it  comes  from 
an  island  on  the  Great  Bahama  Bank  where  one  expects  M.  bahamae  (Witt).  The 
specimen  could  be  mislabelled  (Worthington  was  on  Acklins  in  1 909  and  collected 
venus  there),  or  both  bahamae  and  intermedia  populations  occur  there.  Additional 
Abaco  material  will  be  needed  to  determine  the  status  of  the  Memphis  species  on 
the  island. 

This  insect  was  locally  abundant  on  both  islands  in  1979  and  1986.  In  1988, 
when  they  were  especially  sought,  almost  none  were  encountered,  and  none  came 
to  fruit  bait  which  attracted  them  in  1986.  At  Pinefield,  Acklins,  in  1979,  many 
adults  were  collected  on  the  stems  of  small  shrubs  {Solanum  sp.)  that  grew  near 
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Fig.  5-%.— Memphis  intermedia  mayaguanae,  n.  subsp.  5-6.  Holotype  5,  upper  (5)  and  under  (6) 
surfaces;  BAHAMAS:  Mayaguana  L:  0-3  mi  N of  Abrahams  Bay,  29.ix.1987,  M.  Simon  and  L.  Miller 
sta.  1987-16  (AME).  7-8.  Paratype  9,  upper  (7)  and  under  (8)  surfaces;  same  data  as  holotype  (AME). 
Scale  line  = 20  mm. 


the  shore.  These  adults  probed  small  wounds  on  the  stems  with  their  probosces, 
apparently  feeding  on  fermented  (?)  secretions.  Butterflies  collected  from  such 
sites  were  often  replaced  by  other  individuals  flying  in  a zig-zag,  upwind  direction, 
evidently  locating  the  wounded  plants  by  olfaction. 

Memphis  intermedia  mayaguanae,  new  subspecies 
(Fig.  5-8) 

Description.— Upper  surface  ground  color  very  dark,  nearly  as  dark  as  that  of  M.  echemus 
from  Cuba,  and  much  darker  chestnut  brown  that  in  nominotypical  M.  intermedia  from  Great  and 
Little  Inagua,  Turks  and  Caicos  which  it  otherwise  resembles  closely.  From  intermedia  the  upper  side 
further  varies  in  the  reduced  forewing  postmedian  spots  which  furthermore  are  browner  than  in 
intermedia,  these  occasionally  showing  almost  total  obsolescence  in  spaces  Cu,-Cu2  and  Cu2-2A;  pale 
median  shade  toward  apex  of  hindwing  is  usually  more  sharply  delineated  than  in  intermedia,  and 
the  paler  submarginal  white  spots  and  black  spots  with  white  pupils  toward  the  tomus  of  intermedia 
are  even  more  strongly  developed  in  this  population. 

Undersurface  darker  than  in  summer/autumn  form  intermedia  and  more  like  spring  specimens 
from  Great  Inagua  than  autumn  ones.  The  postmedian  whitish  shade  on  the  hindwing  is  even  more 
sharply  delimited  in  Mayaguanan  specimens,  the  olive  subtornal  patch  is  outlined  basad  with  a deeper 
and  more  expanded  chestnut  shade  that  is  more  extensive  than  in  Inaguan  specimens;  the  submarginal 
spots  and  ocelli  are  more  sharply  defined  in  the  present  subspecies. 
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Male  genitalia  as  in  nominotypical  intermedia. 

Length  of  forewing  of  holotype  male  26.7  mm;  those  of  male  paratypes  range  from  21.2  to  28.3 
mm,  averaging  25.3  mm. 

Female:  Upper  and  under  surfaces  differing  from  those  of  intermedia  in  the  same  characters  as  the 
male.  The  darker  upperside  ground  color  and  the  reduction  in  the  postmedian  spots  on  the  upper 
forewing  are  particularly  noticeable. 

Length  of  forewing  of  female  paratypes  ranges  from  27.4  to  32.7  mm,  averaging  29.7  mm. 

Described  from  104  specimens,  70  males  and  34  females  from  Mayaguana  Island,  Bahamas. 

Type  material— YioXoXypQ  male:  BAHAMAS:  Mayaguana  Island:  0-3  mi  N[orth] 
of  Abrahams  Bay,  29.ix.1987,  at  fruit  bait  (L.  D.  Miller  and  M.  J.  Simon).  Para- 
types: all  Mayaguana:  same  data  as  holotype  (20  males  and  9 females^,  same 
locality  as  holotype,  30.ix.l987  (21  males  and  5 females),  2.x.  1987  (9  males  and 
4 females),  1.x.  198 7 (6  males  and  2 females);  vie.  of  Abrahams  Bay,  28.ix.1987 
(1  female);  3 mi  S Mayaguana  airport,  1.x.  1987  (1  female);  Abrahams  Bay, 
2.viii.l979  (1  female),  3.viii.l979  (2  males  and  1 female),  4.viii.l979  (1  female), 
7.viii.l979  (2  males);  1 mi  N of  Abrahams  Bay,  7.viii.l979  (1  male);  2 mi  N of 
Abrahams  Bay,  3.viii.l979  (3  males  and  2 females),  4.viii.l979  (4  males);  4 mi 
W of  Abrahams  Bay,  6.viii.l979  (1  male  and  4 females). 

Disposition  of  type  series.  — Holotype  male,  45  male  and  20  female  paratypes, 
AME;  1 3 male  and  1 2 female  paratypes,  CMNH;  and  1 1 male  and  2 female 
paratypes  in  collection  of  M.  J.  Simon. 

Etymology. —The  name  refers  to  the  this  insect’s  island  home  and  is  a noun  in  the  genitive  case. 

Discussion. —This  subspecies  is  systematically  much  closer  to  intermedia  than 
to  venus,  as  would  be  expected.  This  is  one  instance  where  the  Mayaguana  material 
is  demonstrably  different  from  specimens  from  the  Turks  and  Caicos  islands  (but 
see  Hemiargus  thomasi  below).  The  new  subspecies  is  very  nearly  as  brown  as 
Cuban  echemus,  a form  with  which  it  otherwise  has  nothing  in  common. 

This  abundant  butterfly  was  very  attracted  to  fruit  bait,  despite  the  fact  that 
the  week  before  M.  i.  intermedia  was  rare  on  Great  Inagua  and  the  few  specimens 
seen  were  not  attracted  to  bait.  The  butterflies  would  fly  in  the  shade  at  a height 
of  less  than  1 m and  were  not  shy,  in  contrast  to  the  behavior  of  Inaguan  specimens. 
Inhabitants  of  Abrahams  Bay  suggested  that  this  butterfly  was  on  the  wing  year- 
round. 

Family  Lycaenidae 

Chlorostrymon  maesites  maesites  (Herrich-Schaffer,  1864) 

This  species  was  recorded  from  Crooked  and  Mayaguana  but  not  on  Acklins, 
although  the  insect  is  an  expected  part  of  the  fauna  there.  Most  adults  were  taken 
on  flowers  of  Black  Mangrove,  Avicennia  germinans  (L.)  L. 

Localities.— CTOQke&.  vie.  Colonel  Hill,  17.vii.l979;  ca.  1.5  mi  W of  Church  Grove,  18.vii.l979. 
Mayaguana:  Abrahams  Bay,  2.viii.l979;  ca.  2 mi  N of  Abrahams  Bay,  3.viii.l979. 

Strymon  (Herrich-Schaffer,  1864) 

Strymon  martialis  is  the  commonest  Hairstreak  on  these  three  islands.  A num- 
ber of  adults  were  collected  at  Avicennia  and  a number  of  other  flowers,  including 
those  of  Bidens.  On  Mayaguana,  a few  specimens  occurred  on  Cordia  blossoms. 
This  is  the  first  record  of  the  species  from  Acklins  and  Mayaguana. 

Localities.— Crooked:  ca.  2 mi  W of  Church  Grove,  30.vii.  1979;  vie.  Pitts  Town,  22  and  26.ix.1986; 
0-1  mi  NW  Landrail  Point,  19.ix.  1988;  2-4  mi  E of  Pitts  Town,  24. ix.  1986;  6 mi  E of  Pitts  Town, 
27.ix.  1986;  2 mi  E of  True  Blue,  19.ix.l988;  ferry  crossing  at  E end  of  island,  19,  20.ix.l988;  0-2  mi 
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E of  Landrail  Point,  9-1 2.v.  1989.  Acklins:  Pinefield,  23.vii.1986;  first  record  for  the  island;  Snug 
Comer,  25  and  26.vii.1979;  Delectable  Bay,  26.vii.1979.  Mayaguana:  Abrahams  Bay,  3,  4 and 
7.viii.l979;  first  record  from  the  island;  27.ix.1987;  ca.  2 mi  N of  Abrahams  Bay,  3.viii.l979;  0-3 
mi  N of  Abrahams  Bay,  28,  29,  30. ix,  1.x.  1987;  Pirates  Well,  5.viii.l979;  ca.  4 mi  W of  Abrahams 
Bay,  6.viii.l979;  3 mi  S of  Mayaguana  airport,  ca.  50  m elev.,  30.ix.l987. 

Strymon  columella  cybira  (Hewitson,  1874) 

This  species  was  not  common  on  Crooked,  but  more  abundant  on  Acklins  and 
Mayaguana.  Specimens  were  collected  from  Suriana  and  Croton  flowers  on  the 
latter  two  islands,  and  from  Lantana  on  Mayaguana. 

Localities.— Ctook^A:  vie.  Colonel  Hill,  17.vii.l979;  vie.  Pitts  Town,  23.ix.1986;  0-2  mi  E of 
Landrail  Point,  9-1 2.v.  1989.  Acklins:  Pinefield,  22,  23,  24.vii.1979;  Delectable  Bay,  26.vii.1979;  vie. 
Spring  Point,  27.vii.  1979;  Lovely  Bay,  28.vii,  1979.  Mayaguana:  Abrahams  Bay,  2,  3, 4 and  7.viii.  1979; 
first  record  for  island;  ca.  4 mi  W of  Abrahams  Bay,  6.viii.l979;  Pirates  Well,  5.viii.l979;  0-3  mi  N 
of  Abrahams  Bay,  28. ix.  1987. 

Strymon  acis  armouri  Clench,  1943 

This  species  is  local  on  Acklins  where  it  perched  on  foliage  of  Croton  sp.,  its 
presumed  larval  foodplant,  and  was  taken  feeding  on  flowers  of  Cordia  and  Bour- 
reria.  In  1988,  its  presence  was  confirmed  on  Crooked  (on  eastern  part  of  the 
island),  where  it  was  not  abundant. 

Localities.— Crooked:  2 mi  E of  True  Blue,  19.ix.l988,  first  record  for  island;  0-2  mi  E of  Landrail 
Point,  9-1 2.V.  1989.  Acklins:  ca.  1.5  mi  S of  Pinefield,  24  and  25.vii.1979,  first  records  for  island; 
Anderson,  25.vii.  1979. 

Electrostrymon  angelia  dowi  (Clench,  1941) 

This  species  is  found  on  all  three  islands,  but  the  Crooked  specimen  was  col- 
lected at  Black  Mangrove  flowers,  whereas  butterflies  from  Mayaguana  were  found 
perching  high  in  Acacia  trees  and  engaging  in  mock  combat. 

Localities.— Crooked:  ca.  1.5  mi  W of  Church  Hill,  18.vii.l979;  0-1  mi  NW  Landrail  Point,  19.ix.l988; 
2 mi  E of  True  Blue,  20.ix.l988;  ferry  crossing  at  east  end  of  island,  19,  20.ix.l988;  0-2  mi  E of 
Landrail  Point,  9-1 2.v.  1989.  Acklins:  Snug  Comer,  26.vii.1979,  first  record  for  island.  Mayaguana: 
vie.  Abrahams  Bay,  27, ix.  1987;  first  record  for  island;  0-3  mi  N of  Abrahams  Bay,  28  and  29. ix  and 
1.X.1987. 


Leptotes  cassius  theonus  (Lucas,  1857) 

This  was  the  commonest  lycaenid  on  all  islands.  On  Acklins,  oviposition  was 
observed  on  the  inflorescenses  of  a red-flowered  legume  at  Pinefield,  and  adults 
frequented  Cordia  and  Avicennid  flowers.  On  Crooked,  adults  visited  many  flow- 
ers, especially  those  of  Bidens. 

Localities.— Crooked:  vie.  Colonel  Hill,  17,  20  and  29.vii.1979;  Church  Grove,  18.vii.l979;  ca.  1.5 
mi  W of  Church  Hill,  18,vii.l979;  ca.  2 mi  W of  Church  Grove,  30.vii.l979;  Fairfield,  20.vii.l979; 
ferry  crossing,  ca.  2 mi  W of  Browns,  21.vii.l979;  vie.  Pitts  Town,  22,  23  and  26.ix.1986;  vie.  Landrail 
Point,  22.ix.1988;  Tme  Blue,  20.ix.l988;  2 mi  E ofTme  Blue,  20.ix.l988.  Acklins:  Pinefield,  22.vii.1979; 
ca.  1.5  mi  S of  Pinefield,  24.vii.1979;  ca.  2 mi  S of  Hard  Hill,  25.vii.1979;  Harry  Point,  26.vii.1979; 
Delectable  Bay,  26.vii.1979;  Snug  Comer,  26.vii.1979;  vie.  Spring  Point,  27.vii.1979.  Mayaguana: 
Abrahams  Bay,  2,  3 and  7.viii.l979  27.ix.1987;  ca.  1 mi  NE  of  Abrahams  Bay,  2.viii.l979;  ca.  2 mi 
N of  Abrahams  Bay,  3.vii.l979;  0-3  mi  N of  Abrahams  Bay,  28.ix  and  1.x.  1987;  ca.  4 mi  W of 
Abrahams  Bay,  6.viii.l979;  Pirates  Well,  5.viii.l979;  3 mi  S of  Mayaguana  airport,  30.ix.l987. 

Hemiargus  thomasi  bahamensis  Clench,  1943 

This  subspecies  of  the  highly  variable  H.  thomasi  is  endemic  to  islands  on  the 
Crooked-Acklins  bank.  It  is  significantly  different  from  nominotypical  thomasi 
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from  islands  on  the  Great  Bahama  Bank,  and  also  different  from  the  populations 
on  Mayaguana  and  Great  Inagua.  Despite  assertions  by  Simon  and  Miller  (1986: 
7)  that  Inaguan  material  is  nominotypical  thomasi,  Clench  and  Bjomdal  (1980: 
19)  were  correct  in  listing  it  as  an  “undescribed  subspecies,”  which  is  described 
below. 

Oviposition  on  Caesalpina  was  recorded  on  Acklins.  Adults  visited  flowers  of 
Suriana,  Cordia,  Avicennia  and  Bourreria.  The  insect  was  not  abundant  in  1986 
at  the  west  end  of  Crooked,  though  it  was  very  common  there  and  on  Acklins  in 
1979. 

Localities.— Crooked.:  Church  Grove,  18,vii.l979;  ca.  1.5  mi  W of  Church  Grove,  18.vii.l979; 
airport,  ca.  2 mi  SE  of  Colonel  Hill,  19.vii.l979;  Fairfield,  20.vii.l979;  ferry  crossing  ca.  2 mi  W of 
Browns,  21.vii.l979;  vie.  Pitts  Town,  23.ix.1986;  2-4  mi  E of  Pitts  Town,  23.ix.1986;  6 mi  E of  Pitts 
Town,  26  and  27.ix.1979;  vie.  Landrail  Point,  21.ix.l988;  0-1  mi  NW  of  Landrail  Point,  19.ix.l988; 
2 mi  E of  True  Blue,  24.ix.1988;  ferry  crossing  at  east  end  of  island,  19.ix.l988.  Acklins:  Pinefield, 
22,  23  and  24.vii.1979;  ca.  1.5  mi  S of  Pinefield,  24  and  25.vii.1979;  Anderson,  25.vii.1979;  ca.  2 
mi  S of  Hard  Hill,  25.vii.1979;  Harry  Point,  26.vii.1979;  Delectable  Bay,  26.vii.1979;  Snug  Comer, 
26.vii.1979. 


Fig.  9~\2.—Hemiargus  thomasi  clenchi,  n.  subsp.  9-10.  Holotype  S,  upper  (9)  and  under  (10)  surfaces; 
BAHAMAS:  Mayaguana  L:  vie.  Abrahams  Bay,  28. ix.  1987,  M.  Simon  and  L.  Miller  sta.  1987-15 
(AME).  1 1-12.  Paratype  9,  upper  (11)  and  under  (12)  surfaces;  BAHAMAS:  Mayaguana  L:  0-3  mi  N 
of  Abrahams  Bay,  30.ix.l987,  M.  Simon  and  L.  Miller  sta.  1987-17  (AME).  Scale  line  = 10  mm. 
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Hemiargus  thomasi  clenchi,  new  subspecies 
(Fig.  9-12) 

Description. — Male:  Upper  surface  powdery  blue  with  a narrow  fuscous  margin  and  conspicuous 
black  submarginal  points  in  hindwing  cells  Cu,-Cu2  and  Cu2“2A.  There  is  no  pink  capping  the  former 
spot  in  either  winter  or  summer  specimens,  despite  Riley’s  (1975:1 10)  assertion  that  summer  brood 
males  had  such  capping.  Undersurface  much  darker  than  nominotypical  thomasi  (darker  even  than 
bahamensis)  and  with  a more  contrasting  pattern  than  in  any  other  subspecies.  White  spots  on  both 
wings  crisply  outlined;  postdiscal  band  of  hindwing  narrow;  hindwing  subapical  spot  in  Sc  + R,-Rs 
very  large,  especially  in  Mayaguana  specimens;  hindwing  submarginal  spots  in  Cui“Cu2  and  Cu2“2A 
very  large  and  prominent,  both  outlined  distally  with  silver  and  the  spot  in  CU|“Cu2  capped  basally 
with  orange;  the  third  (and  most  posterior)  basal  spot  is  almost  always  absent;  it  is  well  developed  in 
other  subspecies.  Fringes  white,  lightly  checkered  with  black  on  both  surfaces. 

Male  genitalia  as  in  other  subspecies  of  thomasi. 

Length  of  forewing  of  holotype  male  9.9  mm,  those  of  male  paratypes  range  from  7.7  to  10.5  mm, 
averaging  9.1  mm. 

Female;  Highly  variable,  ranging  from  extensive  to  almost  no  blue  on  upper  surface.  Upper  surface 
blue  as  in  male,  but  fuscous  marginal  lines  broader  than  in  that  sex,  extensive  fuscous  shading  apically 
on  forewing  extending  variably  along  costa;  a second  fuscous,  submarginal  shade  parallels  the  marginal 
line  on  both  wings,  and  the  veins  are  darkened,  giving  the  effect  of  a blue  submarginal  spotband; 
submarginal  hindwing  black  spots  large  and  bold  as  in  male,  with  the  one  in  CU|“Cu2  capped  basally 
with  orange  (Riley  [1975;  1 10]  states  that  both  spots  are  capped  by  orange,  but  there  are  no  specimens 
from  the  southern  Bahamas  that  confirm  this  statement).  Undersurface  as  in  male,  but  markings 
somewhat  bolder. 

Length  of  forewing  of  female  paratypes  ranges  from  7.2  to  10.6  mm,  averaging  9.0  mm. 

Described  from  55  specimens,  35  males  and  20  females,  from  Mayaguana  Island,  Bahamas. 

Type  material —}:io\oXyxit  male:  BAHAMAS:  Mayaguana  I[sland]:  vie.  Abra- 
hams Bay,  28.ix.1987  (M.  Simon  & L.  Miller),  Sta.  1987-15.  Paratypes:  all  from 
Mayaguana:  same  data  as  holotype  (1  male  and  1 female);  0-3  mi  N of  Abrahams 
Bay,  29.ix.1987  (1  male  and  2 females),  30.ix.l979  (1  male  and  3 females), 
1.x.  1987  (1  female);  2.x.  1987  (1  male  and  1 female);  3 mi  S of  Mayaguana  airport, 
1.X.1987  (11  males  and  2 females);  Abrahams  Bay,  2.viii.l979  (3  males  and  1 
female),  3.viii.l979  (1  female),  7.viii.l979  (1  male);  1 mi  N of  Abrahams  Bay, 
3.viii,1979  (2  males  and  2 females),  7.viii.l979  (1  male);  2 mi  N of  Abrahams 
Bay,  3.viii.l979  (1  male  and  3 females);  1 mi  NE  of  Abrahams  Bay,  2.viii.l979 
(5  males  and  2 females);  4 mi  W of  Abrahams  Bay,  6.viii.l979  (6  males  and  3 
females);  Pirates  Well,  3.viii.l979  (1  female). 

Disposition  of  type- series.  — Holotype  male,  1 5 male  and  seven  female  paratypes, 
AME;  19  male  and  13  female  paratypes,  CMNH. 

Etymology.— Tht  name  is  a patronym  in  honor  of  the  late  Harry  K.  Clench  who  made  the  study 
of  Bahamian  butterflies  his  lifelong  interest  and  who  contributed  so  much  to  our  knowledge  of  them. 
He  proposed  that  the  species  be  named  in  honor  of  the  man  who  originally  kindled  his  interest  in 
Lepidoptera,  Mr.  Don  Thomas,  who  now  resides  in  Dunedin,  Florida. 

Discussion. butterfly  is  common  not  only  on  Mayaguana,  but  also  on 
both  Inaguas  and  on  the  islands  of  Turks  and  Caicos.  We  have  elected,  however, 
to  restrict  the  type  series  to  specimens  from  Mayaguana  to  ensure  that  populations 
from  other  islands  could  be  separated  at  some  future  date.  Both  the  Allyn  and 
Carnegie  collections  have  a wealth  of  specimens  from  islands  other  than  Maya- 
guana, but  they  do  not  seem  to  be  different  from  specimens  in  the  type  series. 
This  is,  perhaps,  the  most  distinctive  of  the  races  of  thomasi.  It  is  more  heavily 
marked  than  the  Hispaniolan  subspecies,  noeli  Comstock  and  Huntington,  and 
the  undersurface  ground  color  is  as  dark  as  that  of  bahamensis.  As  in  most  local 
populations  of  butterflies  from  the  Inaguas,  Mayaguana  and  Turks  and  Caicos, 
clenchi  is  a small  insect;  even  the  small  form,  bahamensis,  has  a full  1-1.5  mm 
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larger  forewing.  The  Florida  subspecies,  bethunebakeri  Comstock  and  Huntington, 
is  the  largest  form  of  thomasi. 

Hemiargus  t.  clenchi  was  the  commonest  lycaenid  in  the  arid  area  south  of  the 
Mayaguana  airport  in  1987,  and  very  nearly  the  only  butterfly  collected  there. 

We  retain  the  traditional  generic  name  Hemiargus  with  some  reservation.  This 
species  is  not  similar  to  the  type  species  of  Hemiargus,  H.  hanno  (Stoll),  and  may 
be  attributable  to  Nabokov’s  (1945)  genus  Cyclargus.  In  the  absence  of  a recent 
revision,  we  continue  to  use  Hemiargus  in  the  sense  of  Riley  (1975).  This  taxo- 
nomic issue  is  being  studied  by  Kurt  Johnson  (American  Museum  of  Natural 
History). 


Brephidium  exilis  isophthalma  (Herrich-Schaffer,  1862) 

This  species  was  present  on  all  three  islands  in  suitable  hypersaline  environ- 
ments. Adults  nectared  at  Borrichia  sp.  and  at  Conocarpus  erectus  L. 

Localities.— ca.  1.5  mi  W of  Church  Grove,  IS.vii.  1979;  ferry  crossing  ca.  2 mi  W of 
Browns,  2 1 .vii.  1 979;  2 mi  E of  True  Blue,  1 9.ix.  1988;  ferry  crossing  at  east  end  of  island,  19, 20.ix.  1988. 
Acklins:  Pinefield,  22,  23  and  24.vii.1979;  Harry  Point,  26.vii.  1979;  Delectable  Bay,  26.vii.1979. 
Mayaguana:  Abrahams  Bay,  2,  3 and  7.viii.  1979,  including  first  records  for  island,  27.ix.1987. 


Family  Pieridae 

Ascia  monuste  eubotea  (Latreille,  1819) 

Sight  records  were  made  on  Crooked  and  near  Abrahams  Bay,  Mayaguana. 
Previous  records  from  Acklins  are  supported  by  specimens;  monuste  occurs  on 
all  three  islands  and  is  present  in  low  density  on  Great  Inagua  (Simon  and  Miller, 
1986:8). 


Phoebis  sennae  sennae  (Linnaeus,  1758) 

This  species  was  more  common  in  1989  than  1988  on  Crooked,  and,  although 
sightings  occurred  at  all  localities,  no  specimens  were  collected.  It  was  more 
common  on  Acklins  than  on  Crooked  and  abundant  on  Mayaguana,  where  several 
examples  were  collected.  They  were  nectaring  on  flowers  of  Avicennia  on  Acklins 
and  visited  Stachytarpheta  flowers  briefly  near  Landrail  Point,  Crooked. 

Localities.— Crooked:  Colonel  Hill,  29.vii.1979;  vie.  Landrail  Point,  22.ix.1988;  ferry  crossing  at 
east  end  of  island,  19.ix.  1988.  Acklins:  Delectable  Bay,  26  and  27.vii.1979.  Mayaguana:  Abrahams 
Bay,  27.ix.1987,  first  confirmed  record  for  island;  0-3  mi  N of  Abrahams  Bay,  29. ix  and  1.x.  1987. 


Phoebis  agarithe  antiilia  F.  M.  Brown,  1929 

This  butterfly  was  common  on  all  islands.  It  nectared  at  flowers  of  Urechites 
lutea  (L.)  Britt.,  Bourreria  ovata  and  Croton  sp.,  and  was  recorded  on  Bougain- 
villea, Passiflora  sp.  and  Bidens. 

Localities.— Crooked:  vie.  Colonel  Hill,  17  and  28.vii.1979;  vie.  of  airport,  ca.  2 mi  SE  of  Colonel 
Hill,  19.vii.l979;  ca.  1.5  mi  W of  Church  Grove,  18.  vii.  1979;  ca.  2 mi  W of  Church  Grove,  30.vii.l979; 
1.5-2  mi  W of  Church  Grove,  26.ix.1986;  vie.  Pitts  Town,  23. ix.  1986;  2-4  mi  E of  Pitts  Town, 
26.ix,1986;  6 mi  E of  Pitts  Town,  24,ix.l986;  vie.  Landrail  Point,  21,  22,  24.ix.1988;  0-1  mi  NW 
Landrail  Point,  19.ix.l988;  6 mi  E of  Landrail  Point,  2Lix.l988;  True  Blue,  20.ix.l988;  0-2  mi  E of 
Landrail  Point,  9-12.V.1989.  Acklins:  Pinefield,  22. vii. 1979;  ca.  1.5  mi  S of  Pinefield,  25. vii. 1979; 
Anderson,  25.vii.1979;  Delectable  Bay,  26.vii.1979.  Mayaguana:  Abrahams  Bay,  27.ix.1987;  ca.  1 
mi  NE  of  Abrahams  Bay,  2.viii.l979;  first  record  for  island;  ca.  4 mi  W of  Abrahams  Bay,  6.viii.l979; 
0-3  mi  N of  Abrahams  Bay,  29.ix  and  1.x.  1987. 
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Kricogonia  lyside  (Godart,  1819) 

This  species  was  abundant  on  Crooked  and  Acklins  where  a young  larva  was 
found  feeding  on  Lignumvitae  (Guiacum  sanctum  L.).  Adults  visited  flowers  of 
Avicennia,  Bourreria,  Cordia  and  Bidens.  On  Mayaguana,  K.  lyside  was  not  com- 
mon, but  present  everywhere. 

Localities. —Crooked:  vie.  Colonel  Hill,  17,  19,  20  and  28.vii,1979;  vie.  of  airport,  ca.  2 mi  SE  of 
Colonel  Hill,  19.vii.l979;  ca.  1.5  mi  W of  Church  Grove,  18.vii.l979;  ferry  crossing  ca.  2 mi  W of 
Browns,  21.vii.l979;  vie.  Pitts  Town,  27  and  28.ix.1986;  0-1  mi  NW  of  Landrail  Point,  19.ix.l988, 
plus  numerous  sight  records.  Acklins:  Pinefield,  22  and  23.vii.1979;  ca.  1.5  mi  S of  Pinefield,  24.vii.1979; 
Anderson,  25.vii.1979;  Snug  Comer,  25  and  26.vii.1979;  Delectable  Bay,  26  and  27.vii.1979;  vie. 
Spring  Point,  27.vii.1979.  Mayaguana:  Abrahams  Bay,  2,viii.l979;  ca.  4 mi  W.  of  Abrahams  Bay, 
6.viii.l979;  0-3  mi  N of  Abrahams  Bay,  29  and  30. ix  and  1.x. 1987;  3 mi  S of  Mayaguana  airport, 
30.ix.l987. 


Eurema  (Cramer,  1779) 

This  species  was  not  commom  on  Crooked  and  Acklins  and  not  seen  on  May- 
aguana. The  specimens  from  Crooked  were  on  Bidens  and  Stachytarpheta  flowers. 

Localities.— Crooked:  vie.  Pitts  Town,  22  and  27. ix.  1 986;  first  record  for  island;  vie.  Lan  trail  Point, 
21,  22.ix.1988.  Acklins:  Delectable  Bay,  26.vii.1979;  Snug  Comer,  26.vii.1979. 

Eurema  elathea  (Cramer,  1777) 

This  species,  found  on  Acklins  and  Mayaguana,  was  not  encountered  on  Crook- 
ed until  1988,  even  though  we  collected  in  the  disturbed  habitats  it  favors.  It  was 
closely  associated  with  its  putative  foodplant,  Stylosanthes  sp.  (Fabaceae). 

Localities.— Crooked:  vie.  Landrail  Point,  2Lix.  1988,  first  record  for  island.  Acklins:  Pinefield, 
24.vii.1979,  first  record  for  island;  ca.  1.5  mi  S of  Pinefield,  24  and  25.vii.  1979;  Delectable  Bay,  26 
and  27.vii.1979;  Snug  Comer,  26.vii.1979.  Mayaguana:  Mayaguana  airport,  8.viii.l979,  first  record 
for  island. 


Eurema  chamberlaini  clenchi,  new  subspecies 

(Fig.  13-16) 

Description.— Male:  Upper  surface  orange,  not  quite  so  brilliant  as  in  mariguanae  and  often  with 
a ruddy  flush;  forewing  with  or  without  a trace  of  a fuscous  celLend  spot;  forewing  marginal  border 
variable  and  dentate  basally;  hind  wing  with  only  minute  black  points  at  ends  of  veins.  Undersurface 
yellowish  orange,  except  for  a prominent  whitish  triangular  area  posteriad  of  the  forewing  cell,  as 
mentioned  by  Riley  (1975:121);  almost  unmarked,  except  for  small  brown  spots  at  the  anterior  end 
of  both  fore-  and  hindwing  cells  and  very  faint  fuscous  speckles  in  hindwing  disc;  marginal  reddish- 
orange  lines  on  both  wings  very  narrow  and  enclosing  black  points  at  ends  of  hindwing  veins. 

Length  of  forewing  of  holotype  male  13.0  mm,  those  of  male  paratypes  range  from  13.1  to  17.1 
mm,  averaging  14.9  mm. 

Female:  Extremely  variable;  ground  color  yellow  basad  shading  to  pale  orange  distad,  hindwing 
often  solid,  dull  orange;  with  or  without  cell-end  spot  on  forewing;  and  with  or  without  fuscous  forewing 
marginal  border  (often  reduced  to  a series  of  chevrons  near  apex);  with  pink  fringes  on  hindwing  not 
commonly  enclosing  black  points  at  ends  of  veins.  Undersurface  more  orange  than  in  male  with  more 
prominent  fuscous  cell-end  spots  than  in  that  sex;  a few  faint  fuscous  postdiscal  markings  on  hindwing; 
a prominent  pinkish-brown  apical  hindwing  patch;  and  fringes  dark  pink,  occasionally  enclosing  black 
points  at  ends  of  hindwing  veins. 

Lengths  of  forewings  of  female  paratypes  range  from  13.7  to  16.3  mm,  averaging  14.7  mm. 

Described  from  94  specimens,  64  males  and  30  females,  from  Crooked  and  Acklins  islands,  Bahamas. 

Type  material  — Holotype  male:  [BAHAMAS]:  Crooked  Id.:  ca.  3 mi  E Majors 
Cay,  20.iii.  [1976]  [H.  K.  Clench]  sta.  308.  Paratypes:  Crooked:  same  data  as 
holotype  (2  males);  NW  end,  nr.  Pitts  Town,  17.viii.l958,  Robertson  and  Scott 
(1  male);  Colonel  Hill,  17.vii.l979  (3  males  and  4 females),  20.vii.l979  (1  male); 
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Fig.  \3~\6. —Eurema  chamberlaini  clenchi,  n.  subsp.  13-14.  Holotype  6,  upper  (13)  and  under  (14) 
surfaces;  BAHAMAS:  Crooked  L:  ca.  3 mi  E of  Majors  Cay,  20.iii.l976,  H.  K.  Clench  sta.  308 
(CMNH).  15“16.  Paratype  9,  upper  (15)  and  under  (16)  surfaces;  BAHAMAS:  Crooked  L:  Colonel 
Hill,  17.vii.l979,  D.  J.  Harvey  (CMNH).  Scale  line  = 10  mm. 

Church  Grove,  18.vii.l979  (4  males  and  3 females);  ca.  1.5  mi  W of  Church 
Grove,  18.vii.l979  (2  males  and  3 females);  30.vii.l979  (1  male  and  1 female); 
vie.  airport,  ca.  2 mi  SE  of  Colonel  Hill,  19.vii.l979  (1  male);  Fairfield,  20.vii,1979 
(3  females);  ferry  crossing,  2 mi  W of  Browns,  21.vii.l979  (1  female);  vie.  Pitts 
Town,  25.ix,1986  (1  male),  27.ix.1986  (1  male);  2-4  mi  E of  Pitts  Town,  23.ix.1986 
(1  male  and  2 females),  24.ix.1986  (1  male);  vie.  Landrail  Point,  2Lix.l988  (6 
males),  22.ix.1988  (8  males  and  2 females);  0-1  mi  NW  of  Landrail  Point, 
19.ix.l988  (1  male);  0-2  mi  E of  Landrail  Point,  9-1 2.  v.  1989  (4  males);  Landrail 
Point,  iii  (2  males  and  1 female);  no  further  data,  except  date,  iii  (1  female). 
Acklins:  Salina  Point,  6.vi.l976  (1  male);  ^4-2  mi  S of  Binnacle  Hill  settlement, 
30.viii.l958  (1  female);  Atwood  Harbour,  18.vii.l974  (1  male);  Pinefield, 
22.vii.1979  (1  female),  23.vii.1979  (2  males  and  3 females),  24.vii.1979  (3  males); 
Delectable  Bay,  26.vii.1979  (6  males  and  3 females),  27.vii.1979  (4  males  and  1 
female);  Snug  Corner,  26.vii.1979  (1  male);  Spring  Point,  27.vii.1979  (5  males). 

Disposition  of  type  series.— YioXoXypQ  male,  38  male  and  24  female  paratypes, 
CMNH;  23  male  and  four  female  paratypes,  AME;  two  male  and  one  female 
paratypes  in  the  American  Museum  of  Natural  History;  one  female  paratype  in 
the  Museum  of  Comparative  Zoology,  Harvard  University. 

Etymology. —This  species  is  named  in  honor  of  the  late  Harry  K.  Clench  in  recognition  of  his 
outstanding  contributions  to  the  knowledge  of  the  Lepidoptera  of  the  Bahamas. 

Discussion. orange  subspecies  of  E.  chamberlaini  from  the  southern  Ba- 
hamas are  subtly  different  from  one  another.  They  display  different  behavior  on 
each  bank  of  islands.  The  present  subspecies,  for  example,  is  much  more  secretive 
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than  are  members  of  Inaguan,  Mayaguanan  or  Turks  and  Caicos  populations;  by 
contrast,  the  Mayaguanan  mariguanae  (M.  Bates)  is  ubiquitous,  not  retiring  at 
all,  and  is  found  in  much  more  open  circumstances  than  is  clenchi  or  even  inaguae 
Munroe.  On  average,  the  present  subspecies  is  larger  than  the  other  two,  and  all 
are  larger  than  nominotypical  chamberlaini  from  islands  on  the  Great  Bahama 
Bank.  From  mariguanae,  females  of  the  present  subspecies  are  separable  by  their 
duller  upper  surface  coloration  which  does  not  advertise  the  contrast  between  the 
basal-distal  yellow  to  orange  transformation  that  characterizes  females  of  the 
Mayaguana  butterfly,  Inaguan  specimens  tend  to  be  brighter  and  more  orange  in 
both  sexes  than  in  the  present  subspecies,  but  not  so  contrasting  as  in  the  May- 
aguanan subspecies. 

Eurema  chamberlaini  mariguanae  M.  Bates,  1934 

This  butterfly  was  seen  ovipositing  on  unidentified  legumes,  perhaps  a Cassia 
species.  Adults  were  associated  with  flowers  of  Croton,  but  most  were  collected 
as  they  flew  or  were  mating  (the  male  is  the  transporting  sex).  This  was  the  most 
common  pierid  on  Mayaguana;  its  rarity  in  collections  is  a function  of  the  re- 
moteness of  the  island,  and  we  suspect  that  it  is  abundant  at  all  times. 

Clench  (MS)  questioned  the  distinction  between  mariguanae  and  inaguae  be- 
cause he  had  seen  only  the  female  of  mariguanae.  Males  are  very  similar  in  the 
two  subspecies,  mariguanae  having,  perhaps,  slightly  broader  forewing  fuscous 
borders.  The  females  are  remarkably  different,  however;  those  of  mariguanae 
display  a great  contrast  between  the  yellow  basal  and  orange  distal  areas  of  both 
wings  that  is  not  shown  in  inaguae.  Material  from  Turks  and  Caicos  more  close- 
ly resembles  mariguanae  than  the  Inaguan  subspecies  and  is  probably  referable 
to  it. 

Mayaguana:  Abrahams  Bay,  7.viiiJ979,  27.ix.1987;  ca.  1 mi  NE  of  Abrahams  Bay,  2 
and  6.viii.  1 979;  ca.  1 mi  N of  Abrahams  Bay,  3, 4 and  7.viii.  1979;  2 mi  N of  Abrahams  Bay,  4.viiL  1979; 
0-3  mi  N of  Abrahams  Bay,  28,  29  and  30. ix  and  1.x.  1987;  ca.  4 mi  W of  Abrahams  Bay,  6.viii.l979; 
3 mi  S of  airport,  30. ix.  1987;  Pirates  Well,  5.viii.l979. 

Eurema  dina  subspecies 
(Fig.  17-18) 

The  presence  of  this  species  on  Crooked  Island  was  unexpected.  The  specimens 

are  not  typical  of  the  Great  Bahama  Bank  subspecies,  helios  M.  Bates,  and  appear 


Fig.  \l-\%.— Eurema  dina,  subsp.;  BAHAMAS:  Crooked  I.:  vie.  Landrail  Point,  22.ix.1988,  L.  Miller 
and  M.  Simon  sta.  1988-58  (AME).  Scale  line  = 10  mm. 
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to  approach  more  closely  the  Cuban  nominotypical  subspecies.  Two  males  were 
collected  near  Landrail  Point  in  1988;  the  butterfly  was  not  seen  in  May  of  1989. 

Localities.— vie.  Landrail  Point,  22. ix. 1988;  6 mi  E of  Landrail  Point,  2Lix.l988,  first 
record  for  island. 

Eurema  messalina  subspecies 
(Fig.  19-=22) 

The  presence  of  this  species  on  Crooked  was  also  unexpected.  Eurema  messalina 
is  known  only  from  Cuba  and  the  islands  on  the  Great  Bahama  Bank.  The  Crooked 
specimens  are  not  typical  of  the  Bahamian  subspecies,  E.  m.  blakei  (Maynard, 
1891),  as  they  more  closely  approach  the  nominotypical  race  from  Cuba.  Addi- 
tional material  is  needed  to  ascertain  the  proper  subspecific  placement  of  this 
population. 

Localities.— Cmok.QA:  0-2  mi  E of  Landrail  Point,  9-1 2. v.  1989;  first  record  for  island. 

Family  Papilionidae 

Heraclides  andraemon  bonhotei  (E.  Sharpe,  1 900) 

This  species  is  usually  the  most  common  swallowtail  on  these  islands,  although 
on  Great  Inagua  H.  aristodemus  far  outnumbers  andraemon  during  its  flight 
period.  The  present  species  visits  flowers  avidly  and  was  taken  on  Bougainvillea 
and  Bide  ns  on  Crooked  and  at  flowers  of  Bourreria  on  Acklins.  On  Mayaguana 
all  specimens  were  collected  in  flight. 
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Fig.  19-22.— Eurema  messalina,  subsp.  19-20.  S upper  (19)  and  under  (20)  surfaces;  BAHAMAS; 
Crooked  L:  vie.  Landrail  Point,  9-1 2.v.  1989,  M.  Simon  and  R.  Simon  (AME).  21-22.  $ upper  (21) 
and  under  (22)  surfaces;  same  data  as  6 (AME).  Scale  line  = 10  mm. 
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Localities. —CrooktA:  vie.  Colonel  Hill,  17.vii.l979,  first  record  for  island;  vie.  Pitts  Town,  22  and 
23. ix.  1986;  2-4  mi  E of  Pitts  Town,  24.ix.1986;  6 mi  E of  Pitts  Town,  24.ix.1986;  vie.  Landrail  Point, 
22,  24.ix.1988;  0~1  mi  NW  of  Landrail  Point,  19.ix.i988;  0-2  mi  E of  Landrail  Point,  9--12.V.1989. 
Acklins:  Snug  Comer,  26.vii.1979,  first  record  for  island.  Mayaguana:  0-3  mi  N of  Abrahams  Bay, 
28,  29  and  30.ix  and  1.x.  1987,  first  records  for  island. 

HeracUdes  aristodemus  majasi  L.  Miller,  1987 

Although  this  insect  has  been  encountered  only  near  Landrail  Point  on  Crooked, 
there  is  abundant  suitable  habitat  throughout  the  western  half  of  the  island,  and 
majasi  surely  will  be  found  farther  east  (Miller,  1987),  Furthermore,  although 
this  species  has  been  captured  only  on  Crooked  to  date,  we  have  little  doubt  that 
it  will  be  found  on  Acklins  (but  Clench,  MS,  suggests  that  Acklins  does  not  have 
the  proper  hammock  forests)  and  perhaps  other  islands  of  the  Crooked-Acklins 
Bank.  Surprisingly,  majasi  was  not  encountered  at  all  during  September  of  1988, 
even  though  there  had  been  abundant  rains.  Additional  specimens  were  found  in 
May  1989,  including  the  first  female.  As  had  been  expected,  this  specimen  differed 
from  the  male  only  in  size.  One  specimen  of  the  type  series  was  visiting  the  flowers 
of  Bidens  in  the  middle  of  Landrail  Point. 

Localities.— vie.  Pitts  Town,  27.ix.1986;  2-4  mi  E of  Pitts  Town,  23  and  24.ix.1986;  first 
records  for  island;  0-2  mi  E of  Landrail  Point,  9-1 2.v.  1989. 

HeracUdes  aristodemus  bjorndalae  (Clench,  1979) 

This  species  was  described  from  Great  Inagua  from  a pair  of  specimens  that 
for  several  years  remained  the  only  known  material  from  the  island.  Subsequently, 
a number  of  specimens  were  collected  on  North  Caicos  and  on  Grand  Turk  on 
separate  banks,  indicating  a somewhat  higher  vagility  for  this  form  than  that 
displayed  by  most  aristodemus. 

All  of  the  specimens  collected  were  either  in  deep  scrub  or  on  trails  bordering 
the  scrub.  The  larval  foodplant,  Amyris  elemifera  L.  (Torch wood)  was  everywhere, 
but  because  it  was  sere,  no  specimens  of  aristodemus  were  found  in  the  best  stand 
of  Torchwood.  The  insects  were  common  in  the  scrub  near  Abrahams  Bay. 

— Mayaguana:  0-3  mi  N of  Abrahams  Bay,  30.ix.l987,  first  record  for  island;  1.x.  1987. 

Family  Hesperiidae 

Phocides  pigmalion  batabanoides  (Holland,  1 902) 

None  of  us  encountered  this  skipper  on  Crooked  until  1988.  Harry  Clench 
collected  a single  female  at  Majors  Cay,  east  of  our  collecting  localities,  and 
intended  to  use  this  specimen  as  the  type  of  a new  subspecies  from  the  island.  A 
sighted  specimen  at  Landrail  Point  on  22  September  1986  could  not  be  captured, 
but  one  was  collected  in  1989  when  the  flight  was  larger.  The  characters  of  this 
specimen  suggest  that  Clench’s  assessment  of  its  distinct  subspecific  status  may 
have  been  erroneous;  consequently,  we  refer  it  to  the  Bahamian  subspecies  pending 
capture  of  additional  material. 

Localities.— Crooked:  vie.  Landrail  Point,  22.ix.1988. 

Epargyreus  zestos  inaguarum  Clench  and  Bjomdal,  1980 

The  records  cited  here  considerably  extend  the  known  range  of  this  subspecies. 
The  northern  Bahamas  are  uniformly  inhabited  by  the  nominotypical  subspecies, 
and  the  species  has  not  been  reported  from  the  Turks  and  Caicos  islands.  Material 
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from  Crooked  and  Acklins  is  somewhat  intermediate  between  inaguarum  and  the 
nominotypical  race,  but  there  are  more  characteristics  that  unite  the  Crooked  and 
Acklins  specimens  with  the  Inaguan  subspecies.  The  specimens  from  Mayaguana 
are  indistinguishable.  Most  specimens  have  been  taken  on  Cordia  flowers. 

Localities.— vie.  Colonel  Hill,  17,  19,  20  and  28,vii.l979,  first  record  for  island;  vie.  Pitts 
Town,  22  and  24.ix.  1 986;  2-4  mi  E of  Pitts  Town,  27.ix.  1986;  6 mi  E of  Pitts  Town,  23  and  25.ix.  1 986; 
vie.  Landrail  Point,  22.ix.1988;  0-1  mi  NW  of  Landrail  Point,  19.ix.l988;  6 mi  E of  Landrail  Point, 
21.ix.l988;  2 mi  E of  True  Blue,  19,  20.ix.l988;  ferry  crossing  at  east  end  of  island,  19,  20.ix.l988; 
0-2  mi  E of  Landrail  Point,  9-1 2.v.  1989.  Acklins:  Anderson,  25.vii.1979,  first  record  for  island;  vie. 
Spring  Point,  27.vii.1979.  Mayaguana:  0-3  mi  N of  Abrahams  Bay,  29  and  30.ix.l987,  first  records 
for  island. 


Polygonus  leo  savigny  (Latreille,  1822) 

This  species  is  secretive,  with  most  specimens  collected  while  they  were  perched 
under  leaves  along  forest  trails.  These  records  are  the  southernmost  for  the  species 
in  the  Bahamas. 

Localities.  —Crooked:  vie.  Colonel  Hill,  17, 19, 20, 28  and  29.vii.  1 979,  first  record  for  island;  Church 
Grove,  18.vii,1979;  ca.  1.5  mi  W of  Church  Grove,  IS.vii.  1979;  ferry  crossing  ca.  2 mi  W of  Browns, 
21.vii.l979;  vie.  Pitts  Town,  24  and  27. ix.  1986;  6 mi  E of  Pitts  Town,  25. ix.  1986;  vie.  Landrail  Point, 
22.ix.1988;  2 mi  E of  True  Blue,  19,  20.ix.l988. 

Urbanus  proteus  domingo  (Scudder,  1872) 

Locally  common  on  Crooked,  it  was  taken  once  on  Acklins.  Most  specimens 
were  collected  on  flowers  of  a cultivated  Bougainvillea,  but  in  1988,  individuals 
were  very  much  attracted  to  the  flowers  of  Stachytarpheta.  All  were  collected  in 
more  or  less  disturbed  environments,  not  unusual  for  such  a “weedy”  butterfly. 

Localities.— Crook^A:  vie.  Colonel  Hill,  17,  19,  20,  28  and  29.vii.  1979;  vie.  Pitts  Town,  23.ix.1986; 
2-4  mi  E of  Pitts  Town,  26. ix.  1986;  vie.  Landrail  Point,  22. ix.  1 988;  2 mi  E of  True  Blue,  2 1 , 22. ix.  1988; 
ferry  crossing  at  east  end  of  island,  20.ix.l988.  Acklins:  Anderson,  25.vii.1979. 

Ephyriades  brunnea  brunnea  (Herrich-Schaflfer,  1864) 

This  was  probably  the  most  common  hesperiid  on  these  islands,  although  the 
population  density  was  much  lower  on  Mayaguana  in  September  and  October 
1987,  than  elsewhere.  Specimens  were  taken  at  flowers  of  Cordia,  Bourreria  and 
Bidens,  but  most  individuals  remained  deep  in  the  shade  of  coppices.  A few 
specimens  were  collected  at  flowers  of  cultivated  Bougainvillea,  nectaring  only  on 
the  shaded  parts  of  the  vine. 

Localities.— CxookeA:  vie.  Colonel  Hill,  17,  20,  28  and  29.vii.  1979;  Church  Grove,  IS.vii.  1979;  ca. 
1.5  mi  W of  Church  Grove,  IS.vii.  1979;  vie.  of  airport,  ca.  2 mi  SE  Colonel  Hill,  19.vii.l979;  Fairfield, 
20.vii.l979;  ferry  crossing  ca.  2 mi  W of  Browns,  21.vii.l979;  vie.  Pitts  Town,  22,  23,  24  and 
25.ix.1986;  2-4  mi  E of  Pitts  Town,  23.ix.1986;  6 mi  E of  Pitts  Town,  23.ix.  1986;  vie.  Landrail  Point, 
22.ix.1988;  6 mi  E of  Landrail  Point,  21.ix.l988;  0-1  mi  NW  of  Landrail  Point,  19.ix.l988;  Crooked 
Island  airport,  19.ix.l988;  True  Blue,  20.ix.l988;  0-2  mi  E of  Landrail  Point,  9-1 2.v.  1989.  Acklins: 
Pinefield,  23.vii.1979;  ca.  1.5  mi  S of  Pinefield,  25.vii.1979;  Anderson,  25.vii.1979;  Delectable  Bay, 
26.vii.  1979;  Lovely  Bay,  28.vii.  1979.  Mayaguana:  Abrahams  Bay,  7.viii.l979;  1 mi  N of  Abrahams 

Bay,  3,  4 and  7.viii.l979;  0-3  mi  N of  Abrahams  Bay,  28,  29  and  30.ix  and  1.x.  1987;  Pirates  Weil, 
5.viii.l979. 


Hylephila  phyleus  phyleus  (Drury,  1773) 

A few  specimens  were  collected  on  Crooked  and  Acklins  in  1979;  the  species 
was  common  in  1 988.  One  specimen  was  taken  while  it  was  nectaring  on  Borrichia 
flowers  on  Acklins,  whereas  individuals  avidly  visited  Stachytarpheta  flowers. 
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Localities.— Crooked,  vie.  Colonel  Hill,  20.vii.l979;  vie.  of  airport,  ca.  2 mi  SE  of  Colonel  Hill, 
19.vii,1979;  ferry  erossing  2 mi  W of  Browns,  21.  vii.  1979;  ca.  2 mi  W of  Chureh  Grove,  30.vii.l979; 
vie.  Landrail  Point,  22.ix.1988;  2 mi  E of  True  Blue,  19,  20.ix.l988;  Crooked  Island  airport,  19.ix.l988; 
ferry  erossing  at  east  end  of  island,  19,20.ix.l988.  Acklins:  Anderson,  25.vii.1979,  first  reeord  for 
island. 


Wallengrenia  species 

This  skipper  is  being  described  by  J.  Y.  Miller  (AME).  It  is  endemic  to  the 
southern  Bahamas  and  was  not  common  on  Crooked  (about  as  rare  as  on  Great 
Inagua),  more  common  on  Acklins  and  abundant  on  Mayaguana.  It  is  readily 
distinguishable  from  the  northern  Bahamian  species  {misera  [Lucas])  by  the  fiery 
coloration  in  both  sexes.  Specimens  were  taken  at  flowers  of  Bidens,  Avicennia 
and  Bourreria.  This  skipper  is  an  extraordinarily  shy  species,  not  at  all  like  its 
congeners  on  the  mainland  or  in  Puerto  Rico. 

Localities.— Crooked.  Fairfield,  20.  vii.  1 979,  first  record  for  island;  2-4  mi  E of  Pitts  Town,  23.ix.  1986; 
6 mi  E of  Pitts  Town,  23. ix.  1986;  vie.  Landrail  Point,  21,  22,  24.ix.1988;  0-1  mi  NW  of  Landrail 
Point,  19.ix.l988;  6 mi  E of  Landrail  Point,  21.ix.l988;  2 mi  E of  True  Blue,  19,  24.ix.1988.  Acklins: 
Pinefield,  22. vii.  1979;  ca.  1.5  mi  S of  Pinefield,  24  and  25.vii.1979;  Anderson,  25.vii.1979;  ca.  2 mi 
S of  Hard  Hill,  25.vii.1979;  Snug  Corner,  26.vii.1979;  Delectable  Bay,  27.vii.1979.  Mayaguana: 
Abrahams  Bay,  7.viii.  1979,  27. ix.  1987  (LDM  and  MJS);  ca.  1 mi  NE  of  Abrahams  Bay,  2 and 
6.viii.l979;  first  record  for  island;  ca.  1 mi  N of  Abrahams  Bay,  3,  4 and  7.viii.l979;  0-3  mi  N of 
Abrahams  Bay,  28,  29  and  30. ix  and  1.x.  1987. 

Euphyes  Cornelius  Cornelius  (Latreille,  1824) 

Evans  (1955)  described  the  subspecies  agra  from  material  collected  presumably 
from  New  Providence  Island  by  Sir  G.  Carter.  It  occurs  on  islands  of  the  Great 
Bahama  Bank,  and  differs  from  Cuban  nominotypical  Cornelius  in  having  reduced 
hyaline  markings  on  the  forewing  and  no  under  hindwing  pale  spotting.  Crooked 
and  Acklins  Cornelius  are  inseparable  from  Cuban  specimens  and  bear  no  resem- 
blance to  agra  in  the  salient  points.  We  do  not  believe  that  the  Cuban  subspecies 
has  been  reported  previously  from  the  Bahamas  and  suspect  that  it  is  restricted 
in  the  Bahamas  to  islands  of  the  Crooked-Acklins  bank. 

On  Crooked  in  September  1986,  and  again  in  1988,  hundreds  of  individuals 
were  avidly  sipping  nectar  in  a weedy  field  of  sand  spurs  intermixed  with  blooming 
Stachytarpheta.  Euphyes  Cornelius  was  the  most  common  butterfly  there,  and 
most  Stachytarpheta  plants  had  two  or  more  Cornelius  nectaring  on  the  same 
inflorescence.  Elsewhere,  the  insect  was  encountered  singly. 

Localities.— CroQkQ&.  vie.  Colonel  Hill,  17,  20,  28  and  29.vii.1979;  ca.  1.5  mi  W of  Church  Grove, 
18.vii.l979;  1.5-2  mi  W of  Church  Grove,  26.ix.1986;  vie.  Pitts  Town,  22,  23,  26  and  27.ix.1986; 
2-4  mi  E of  Pitts  Town,  26  and  27.ix.1986;  6 mi  E of  Pitts  Town,  25  and  27.ix.1986;  vie.  Landrail 
Point,  21,  22. ix.  1988;  0-1  mi  NW  of  Landrail  Point,  19.ix.  1988;  Crooked  Island  airport,  19.ix.l988; 
True  Blue,  20.ix.l988;  2 mi  E of  True  Blue,  19,  20.ix.l988;  ferry  crossing  at  east  end  of  island, 
20.ix.l988.  Acklins:  ca.  1.5  mi  S of  Pinefield,  25.vii.1979,  first  record  for  island;  Delectable  Bay, 
26. vii.  1979. 


Panoquina  panoquinoides  panoquinoides  (Skinner,  1891) 

This  skipper  is  characteristic  of,  but  not  restricted  to,  hypersaline  environments. 
Panoquina  panoquinoides  is  never  common  outside  these  environments,  though 
the  Mayaguana  population  seemed  larger  than  those  on  the  other  two  islands. 
Specimens  occurred  at  flowers  of  Borrichia,  and  were  taken  at  Cordia,  Stachy- 
tarpheta and  Phyla  flowers. 

Localities.— CtooktA:  6 mi  E of  Pitts  Town,  23  and  25. ix.  1986;  ferry  crossing  at  east  end  of  island, 
19,  20.ix.l988;  2 mi  E of  True  Blue,  19,  24.ix.1988;  salina  W of  True  Blue,  19.ix.  1988.  Acklins: 
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Pinefield,  22,  23  and  24.vii.1979,  first  records  from  island;  Anderson,  25.vii.1979;  Delectable  Bay, 
27.vii,1979.  Mayaguana:  Abrahams  Bay,  4 and  7.viii.l979,  first  records  for  island;  vie.  Abrahams 
Bay,  27.ix.1987;  0^3  mi  N of  Abrahams  Bay,  28  and  29.ix.1987. 


Discussion 

Islands  of  the  northern  Bahamas  lie  mostly  on  the  Great  Bahama  Bank,  or  on 
the  Little  Bahama  Bank  (Grand  Bahama  and  the  Abacos).  The  only  exception  is 
San  Salvador,  which  is  isolated  on  a separate  bank.  During  glacial  maximum  in 
the  Pleistocene,  the  myriad  northern  Bahamian  islands  were  connected  into  three 
very  large  islands  (Fig.  23),  one  of  which  very  nearly  reached  northcentral  Cuba. 
The  relatively  recent  connection  of  the  northern  Bahamas  into  a larger  island 
leads  us  to  question  the  existence  of  several  separate  subspecies  on  the  northern 
Bahamian  islands,  particularly  the  subspecies  of  Eurema  chamberlaini;  these 
populations  are  likely  to  have  been  connected  as  little  as  10,000  years  ago.  Burke 
(1988)  stated  further  that  Cuba  completely  overrode  the  Bahamas  Platform  during 
the  Miocene  (the  igneous  Cuban  rocks  are  underlain  by  older  Bahamian  carbon- 
ates). If  one  assumes  that  any  of  the  Bahamas  were  emergent  at  the  time,  there 
could  have  been  direct  connection  and  faunal  interchange  between  the  islands. 
Ramos’  (personal  communication,  1989)  analysis  of  the  hesperiid  faunas  of  the 
Antilles  has  shown  that  Cuban  and  Bahamian  skippers  are  highly  correlated, 
perhaps  reflecting  the  Cuban-Bahamian  Miocene  vicariance  event. 

Biogeographical  examination  of  the  rhopaloceran  fauna  of  the  southern  Ba- 
hamas reveals  certain  patterns.  Simply  listing  the  species  for  each  island  can  be 
misleading  because  the  large  number  of  widespread  monomorphic  species  eflec- 
tively  reduces  the  proportion  of  endemics.  We  propose  to  identify  such  widespread 
species  and  discard  them  in  biogeographic  analyses,  a technique  perfected  by 
Rosen  (1975).  Such  species  must  be  effective  dispersalists,  and  the  resulting  con- 
stant genetic  exchange  between  populations  would  preclude  development  of  in- 
terpopulational  differences. 


Widespread  Species 

The  nominotypical  subspecies  of  Euptoieta  hegesia  inhabits  the  Antilles  and 
the  Bahamas,  although  specimens  from  Puerto  Rico  have  been  separated  as  the 
subspecies  watsoni  by  Comstock  (1944).  In  the  area  considered  in  this  paper, 
hegesia  has  been  collected  on  all  of  the  islands  of  the  southern  Bahamas,  and 
those  of  Turks  and  Caicos. 

Euptoieta  c.  claudia  is  found  in  small  colonies  in  the  Greater  Antilles  and  the 
Bahamas,  but  only  on  Great  Inagua  in  our  area  (Clench  and  Bjorndal,  1980).  This 
species  is  a well-known  dispersalist  on  the  North  American  mainland  (see  for 
example,  Howe,  1975:210),  and  migrants  doubtless  often  founded  temporary 
populations  in  the  Bahamas. 

Vanessa  cardui  is  the  most  cosmopolitan  butterfly  in  the  world  (Howe,  1975: 
205).  It  is  not  surprising,  therefore,  that  occasional  colonies  of  this  strong  flier 
have  been  founded  in  the  Antilles  and  Bahamas,  but  in  our  area  cardui  was  found 
only  once  on  Great  Inagua  (Simon  and  Miller,  1986). 

Junonia  genoveva  has  been  recorded  from  southern  Florida,  the  southern  Ba- 
hamas and  the  Greater  Antilles.  It,  too,  is  a monomorphic  species.  Hispaniolan 
specimens  were  previously  misidentified  and  segregated  as  the  subspecies  mi- 
chaelisis  of  J.  evarete  by  Munroe  (1950).  Turner  and  Parnell  (1985:144)  have 
explained  the  synonymy  of  these  insects. 
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Junonia  evarete  zonalis  is  found  unchanged  in  the  Antilles  and  the  Bahamas, 
though  only  on  Great  Inagua  thus  far  in  the  southern  islands  (Clench  and  Bjomdal, 
1980). 

Chlorostrymon  m.  maesites  is  a widespread  butterfly  that  ranges  from  Florida 
to  the  northern  Lesser  Antilles  and  has  been  found  on  Crooked  and  Mayaguana, 
as  well  as  on  Turks  and  Caicos. 

Strymon  martialis  likewise  occurs  in  southern  Florida,  the  Bahamas  and  the 
Greater  Antilles.  It  was  found  on  all  islands  under  consideration  here  and  is 
monomorphic. 

Strymon  columella  cybira  is  the  Bahamian  and  Greater  Antillean  representative 
of  a widely  distributed  hairstreak.  The  Florida  subspecies,  modesta  (Maynard), 
has  been  recorded  from  islands  of  the  Little  Bahama  Bank  (Clench,  MS). 

Leptotes  cassius  theonus  is  another  abundant,  more  or  less  undifferentiated 
subspecies  in  Florida,  the  Bahamas  and  the  Greater  Antilles. 

Brephidium  exilis  isophthalma  is  known  from  the  Bahamas  and  the  Greater 
Antilles;  it  was  collected  on  all  islands  covered  in  this  work. 

Phoebis  s.  sennae  is  found  throughout  the  West  Indies,  although  a few  specimens 
from  the  northern  Bahamas  are  referable  to  the  eastern  North  American  subspecies 
eubule  (Linnaeus).  It  is  a well-documented  migrant  (Williams,  1958),  and  its 
presence  on  all  of  the  islands  covered  here  is  not  surprising. 

A similar  pattern  obtains  for  Phoebis  agarithe  antiilia,  which  was  found  on  all 
islands  sampled. 

Kricogonia  lyside  is  found  throughout  the  Caribbean,  in  northern  South  Amer- 
ica, and  thence  northward  to  the  southern  United  States.  It  is  strongly  migratory 
(evident  from  the  many  reports  in  the  ‘‘Season  Summary”  {News  of  the  Lepidop- 
terists'  Society])  and  was  very  common  on  all  of  the  islands  sampled. 

A like  pattern  exists  in  Eurema  nicippe,  but  that  species  has  been  found  only 
on  Crooked,  Acklins  and  Great  Inagua;  its  apparent  absence  on  Mayaguana  prob- 
ably is  an  artifact  of  inadequate  collecting. 

Eurema  elathea  is  a “domesticated”  butterfly,  frequently  found  in  urban  en- 
vironments, and  it  is  known  from  throughout  the  Antilles  and  neotropical  con- 
tinental America.  It  was  found  on  all  of  the  islands  sampled,  usually  in  urban 
situations. 

Urbanus  proteus  domingo  is  found  throughout  the  West  Indies,  including  the 
Bahamas.  It  is  known  from  Crooked  and  Acklins  (common)  and  Great  Inagua 
(one  record,  Simon  and  Miller,  1986;  but  absent  the  following  year).  These  data 
suggest  that  this  butterfly  is  migratory  and  may  establish  transient  colonies  in  the 
islands. 

Pyrgus  oileus  is  an  abundant  Neotropical  species  that  is  represented  by  the 
nominotypical  race  in  the  northern  Neotropics,  the  Greater  Antilles  and  Great 
Inagua. 

Hylephila  p.  phyleus  is  common  throughout  most  of  the  Neotropics,  and  is  found 
on  Great  Inagua  (Simon  and  Miller,  1986),  Crooked  and  Acklins. 

Panoquina  p.  panoquinoides  is  found  in  Florida  and  the  northern  West  Indies, 
including  the  Bahamas. 


Fig.  23.— Map  of  the  Bahamas  and  their  surroundings.  Present-day  landmasses  are  shown  in  black; 
the  gray  areas  are  those  areas  that  would  have  been  emergent  during  glacial  maximum  and  are  the 
areas  covered  by  less  than  100  m of  water.  Note  the  coalescence  of  the  islands  of  the  Great  and  Little 
Bahama  Banks  and  the  remaining  isolation  of  the  southern  Bahama  islands. 
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As  such,  19  of  the  species  recorded  from  Crooked,  Acklins,  Mayaguana  and 
the  Inaguas  are  widely  distributed,  monomorphic,  apparently  vagile  species  that 
are  of  limited  use  in  biogeographic  analysis.  These  species  amount  to  45.2%  of 
the  butterfly  fauna  of  these  islands  that  is  attributable  to  dispersal  in  the  classic 
Matthew- Darlington  mode.  This  figure  agrees  with  the  50%  dispersalist  species 
postulated  for  the  entire  West  Indies  (Miller  and  Miller,  1989). 

Endemics 

Individual  islands  show  some  interesting  patterns  of  endemism.  Of  the  33 
species  recorded  from  Crooked,  16  (48.5%)  are  widespread  as  defined  here.  Of 
the  26  species  recorded  from  Acklins,  14  (53.9%)  are  effective  dispersalists.  The 
observed  differences  are  probably  only  a reflection  of  the  collecting  done  on 
Acklins.  Further  sampling  of  the  fauna  should  equalize  the  faunal  records  of 
Crooked  and  Acklins  toward  the  lower  percentage  because  the  two  islands  share 
the  same  bank. 

Mayaguana  has  records  for  22  species  (excluding  the  sight  record  of  Hamadryas 
feronia  diasia,  but  including  a sight  record  of  the  expected  Ascia  monuste).  Twelve 
of  these  species  (54.5%)  are  widespread  and  vagile,  and  perhaps  the  preponderance 
of  such  taxa  reflects  the  relative  long  term  inaccessibility  of  that  island.  Only  the 
strongest  flyers  could  colonize  Mayaguana. 

Great  Inagua,  the  largest  island  of  the  four,  has  records  of  37  butterfly  species 
(excluding  the  one  very  questionable  Ephyriades  zephodes  record  cited  by  Clench 
and  Bjomdal,  1980).  Of  these,  17  (46%)  are  of  ubiquitous  taxa.  The  Inaguan 
environment  is  so  dry  that  the  presence  of  a greater  number  of  endemic  taxa  than 
one  might  expect  is  indeed  strange. 

If  the  widespread,  but  geographically  variable,  Ascia  monuste  is  included  in  the 
widely  ranging  species  category  (it  was  not  since  we  have  records  of  two  subspecies 
from  the  Bahamas),  the  figures  would  be  skewed  slightly  more  toward  dispersalist 
species. 

These  data  suggest  that  the  same  mechanisms  that  apply  to  the  remainder  of 
the  West  Indies  are  at  work  in  the  southern  Bahamas,  if  only  on  a smaller  scale. 
Therefore,  a vicariance  model  should  explain  the  composition  of  the  fauna  of 
these  islands.  Accordingly,  the  endemic  faunal  elements  should  be  examined  more 
closely.  The  endemic  taxa  and  their  distributions  are  summarized  in  Table  1. 

These  data  show  that  significant  numbers  of  butterfly  species  are  either  Baha- 
mian endemics  (ones  held  in  common  with  more  northerly  islands),  or  they  are 
Cuban  species.  The  endemic  pattern  can  be  ascribed  to  interisland  dispersal, 
presumably  during  the  Pleistocene  when  sea  levels  were  much  lower,  and  the 
banks  not  separated  by  so  much  distance.  Very  few  butterflies  in  the  southern 
Bahamas  have  affinities  with  Hispaniolan  populations,  and  none  show  nearest 
relationships  to  Puerto  Rican  or  Jamaican  stocks.  The  occurrence  of  Cuban  species 
involves  relationships  of  southern  Bahamian  stocks  only  to  those  from  other 
southern  Bahamas  islands. 

Those  species  held  in  common  with  the  northern  Bahamas  reflect  distributions 
on  the  Great  Bahama  Bank  with  spillovers  onto  the  southern  islands.  These 
butterflies  almost  certainly  are  Pleistocene  arrivals  from  the  Bahamian  “super 
island”  that  existed  as  little  as  10,000  years  ago.  Their  presence  in  the  southern 
Bahamas  is  expected.  Such  taxa  include  Ephyriades  brunnea  brunnea,  Heraclides 
andraemon  bonhotei,  Electrostrymon  angelia  dowi,  Dryas  iulia  carteri  and  Mar- 
pesia  eleuschea  bahamensis. 
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Table  Distribution  of  butterfly  subspecies  showing  endemism  in  the  southern  Bahamas.  Abbrevi- 
ations are  as  follows:  D,  plexippus  (p  = plexippus,  m = megalippej;  D.  gilippus  (b  = berenice,  c = 
cleotheraj;  D.  iulia  (cil  = cillene,  car  = carteri,  h = hispaniolaj;  A.  jatrophae  (g  = guantanamo,  s = 
saturataj;  M.  eleuchea  (e  = eleuchea,  b = bahamensis,  d = dospassosij;  M.  intermedia  (v  = venus,  m 
= mayaguanae,  i = intermedia^;  S.  acis  (c  = casasi,  a = armouri,  / = leucostricha,  p = petionij;  E. 
angelia  (a  = angelia,  d = dowi,  b = boyerij;  H.  hanno  (/=  filenus,  c = ceraunus^;  H.  thomasi  (bb  = 
bethunebakeri,  t = thomasi,  b = bahamensis,  c = clenchi,  n = noelij;  A.  monuste  (e  = eubotea,  p = 
philetaj;  E.  lisa  (e  = euterpe,  / = lisaj;  E.  chamberlaini  (c=^  chamberlaini,  cl  = clenchi,  m = mariguanae, 
/ = inaguaej;  E.  dina  (d  = dina,  h = helios,  m = mayobanexj;  E.  messalina  (m  = messalina,  b = blakeij; 
H.  andraemon  (a  = andraemon,  b = bonhoteij;  H.  aristodemus  (t  = temenes,  p = ponceanus,  m = 
majasi,  b = bjomdalae,  a = aristodemusj;  P.  pigmalion  (b  = batabano,  bs  = batabanoides,  bi  = bicolorj; 
E.  zestos  (z  = zestos,  / = inaguarumj,  P.  leo  (s  = savigny,  / = ishmaelj;  Wallengrenia  species  (m  = 
misera,  d = druryj;  E.  Cornelius  (c  = Cornelius,  a = agraj.  For  further  details,  see  discussions  in  text. 
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A far  more  interesting  pattern  of  distribution  involves  those  species  that  have 
the  same  subspecies  on  Crooked  (and  perhaps  Acklins)  and  on  Cuba.  The  only 
other  island  that  shows  such  an  affinity  to  Cuba  is  Andros  (Clench,  1977;  Harvey 
and  Peacock,  1989),  and  there  are  several  taxa  on  Crooked  that  are  different  from 
the  subspecies  on  Andros.  That  island,  by  contrast,  has  several  Cuban  endemics 
that  have  not  reached  Crooked.  All  of  these  similarities  with  Cuba  can  be  explained 
best  by  a vicariance  scenario  such  as  that  proposed  by  Burke  (1988)  who  stated 
that  Cuba  completely  overrode  the  Bahamas  Platform  during  the  Tertiary.  There 
are  Cenozoic  carbonates  underlying  the  much  older  Cuban  igneous  material,  and 
these  are  presumed  to  be  part  of  a stable  Bahamas  Rise  over  which  Cuba  was 
thrust.  A contrasting  view  involving  Cenozoic  over- water  dispersal  has  been  given 
by  many  authors,  such  as  Schwartz  (1967),  but  the  vicariance  model  explains  the 
present-day  distribution  better  (see  Miller  and  Miller,  1989,  for  a discussion  of 
the  antiquity  of  some  butterfly  groups). 

Cuba  has  contributed  several  taxa  to  Andros,  such  as  Eurema  larae  (Herrich- 
Schaffer)  and  Wallengrenia  misera  (Lucas),  but  there  are  several  other  instances 
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of  different  subspecies  on  Andros  and  Cuba.  Cases  in  point  include  Euphyes 
Cornelius,  Eurema  dina,  Eurema  messalina,  Calisto  herophile  and  C Sibylla.  The 
first  three  of  these  insects  are  common  to  Crooked  and  Cuba,  or  are  nearly  so.  If 
the  cases  were  somewhat  more  clearcut,  we  could  state  with  greater  certainty  that 
the  vicariance  event  mentioned  above  was  responsible  for  the  current  faunal 
distribution.  The  best  candidate  for  a vicariant  species  is  Euphyes  Cornelius  Cor- 
nelius, although  it  is  not  quite  typical  of  the  Cuban  subspecies.  Although  the 
northern  Bahamian  E.  c.  agra  Evans  does  not  occur  on  Crooked  and  Acklins, 
some  Cuban  examples  are  even  more  heavily  spotted  with  white  than  Bahamian 
specimens.  A similar  situation  obtains  for  the  populations  of  the  two  Eurema: 
they  are  not  quite  typical  of  either  the  Bahamian  or  the  Cuban  subspecies. 

A third,  very  puzzling  distribution  involves  Great  Inagua.  Its  subspecies  of 
Anartia  jatrophae  is  the  Hispaniolan  saturata  Rober,  not  the  Cuban,  northern 
Bahamian  and  Floridian  guantanamo.  The  latter,  however,  does  not  occur  on 
any  of  the  other  southern  Bahamian  islands,  so  perhaps  saturata  was  distributed 
by  recent  waif  dispersal  or  perhaps  a series  of  short  Pleistocene  hops  across  now 
submerged  islands  to  the  south  and  east  of  the  Turks  Islands  (Mouchoir  Reef, 
Silver  Rock,  Navidad  Bank,  etc.;  Fig.  23).  A similar  pattern  seems  to  involve  the 
single  specimen  of  Strymon  acis  known  from  Great  Inagua:  phenotypically  it  is 
closest  to  the  Flispaniolan  subspecies,  petioni  (W.  P.  Comstock  and  Huntington), 
as  stated  by  Simon  and  Miller  (1986),  rather  than  to  the  northern  Bahamian  one. 

The  final  pattern  is  one  that  involves  shared  endemism  on  the  southern  Ba- 
hamian islands.  This  pattern  suggests  that  banks.  Pleistocene  paleo-islands  (Fig. 
23),  have  had  more  influence  on  butterflies  than  previously  thought.  For  example, 
both  Crooked  and  Acklins  harbor  Eurema  chamberlaini  clenchi,  whereas  May- 
aguana  and  the  islands  of  Turks  and  Caicos  have  E.  c.  mariguanae,  and  E.  c. 
inaguae  Munroe  is  endemic  in  the  Inaguas.  These  subspecies,  although  closely 
related,  are  not  identical,  and  the  populations  can  be  discriminated  when  a series 
of  each  is  examined. 

A similar  pattern  exists  with  Heraclides  aristodemus.  Crooked  (and  perhaps 
Acklins)  has  H.  a.  majasi,  but  Mayaguana,  North  Caicos  and  at  least  Great  Inagua 
(perhaps  also  Little  Inagua)  share  the  very  distinctive  H.  a.  bjorndalae  (Clench). 

A parallel  pattern  is  demonstrated  in  Hemiargus  thomasi.  Perhaps  these  pop- 
ulations arose  by  chance  dispersal  fairly  recently,  or  more  likely,  they  arrived  by 
a much  older  vicariance  event. 

A plausible  scenario  involves  Crooked  Island-Cuba  abutting  the  Bahamas  Rise, 
then  rebounding  to  its  present  position,  as  suggested  by  Burke  (1988).  This  event 
could  have  left  some  Cuban  species  stranded  on  Crooked,  and  these  have  remained 
isolated.  It  is  odd,  however,  that  more  Cuban  immigrants,  such  as  members  of 
the  hesperiid  genus  Burca,  which  shows  some  predilection  for  xeric  habitats,  did 
not  become  established  there.  The  genus  is  firmly  established  on  Long  Island 
about  50  mi  (80  km)  to  the  north,  and  on  other  islands  on  the  Great  Bahama 
Bank. 
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Addendum 

The  following  description  of  a new  subspecies  of  Strymon  ads  was  found  in 
Harry  Clench’s  papers  several  years  ago,  but  it  was  not  until  recently  that  the  type 
series  of  the  butterfly  was  discovered.  Clench  had  labelled  only  one  specimen,  his 
choice  for  the  holotype;  the  other  specimens  have  been  labelled  by  the  authors. 
The  new  subspecies  is  very  distinctive  and  deserves  description.  Notes  interjected 
by  us  appear  in  brackets. 
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Fig.  24-21  .—Strymon  ads  leucosticha  H.  K.  Clench,  n.  subsp.  24-25.  Holotype  6,  upper  (24)  and 
under  (25)  surfaces;  TURKS  AND  CAICOS:  Middle  Caicos  I.:  Conch  Bar,  9.ii.  1978,  H.  and  M.  Clench 
sta.  491  (CMNH).  26-27.  Paratype  9,  upper  (26)  and  under  (27)  surfaces;  same  data  as  holotype  <3 
(CMNH).  Scale  line  = 10  mm. 

Strymon  acis  leucosticha  H.  K.  Clench,  new  subspecies 

(Fig.  24-27) 

Descript  ion. —Sexes  similar.  Upper  and  under  surfaces  much  grayer  than  any  other  subspecies  of 
acis.  Upper  hindwing  with  a very  prominent  row  of  submarginal  white  spots  (most  evident  in  female) 
and  a black  submarginal  spot  in  space  Cu,-Cu2  between  the  tails  that  is  always  in  female,  occasionally 
in  male,  narrowly  capped  with  reddish  orange.  Underforewing  with  bold  white  postmedian  line, 
occasionally  with  a dark  shade  basad;  underhindwing  with  typical  white  markings  of  acis  and  strong 
black  shading  basad,  costal  basal  white  spot  well  developed,  one  in  cell  only  weakly  indicated  and 
wedge-shaped  orange  spot  yellow  orange  and  rather  extensive. 

[Length  of  forewing  of  holotype  male  12.8  mm;  male  paratypes  range  from  12.1  to  14.2  mm, 
averaging  12.9  mm;  female  paratypes  range  from  1 1.8  to  14.0  mm,  averaging  13.1  mm.] 

Described  from  55  specimens,  19  male  and  36  female,  from  the  Caicos  Islands. 

Type  material.  — Holotype  male:  MIDDLE  CAICOS:  Conch  Bar,  9.ii  Sta.  491; 
TURKS  & CAICOS  IDS.,  H & M Clench,  1978,  C.  M.  Acc.  29717.  Paratypes: 
same  data  as  holotype,  8 males  and  15  females;  same  data  as  holotype,  except 
Sta.  489,  2 females;  same  data  as  holotype,  except  Sta.  490,  2 males  and  6 females; 
same  data  as  holotype,  except  Sta.  492, 4 males  and  1 3 females;  NORTH  CAICOS: 
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Whitby,  3.ii  Sta.  479;  TURKS  & CAICOS  IDS.,  H.  and  M.  Clench,  1978,  C.  M. 
Acc.  29717,  3 females;  ll.ii.l978,  Sta.  496,  1 female. 

Disposition  of  type  ^Holotype  male,  15  male  and  33  female  paratypes, 

CMNH;  three  male  and  three  female  paratypes,  AME. 

Etymology.  — The  name  is  from  the  Greek  for  “white  lined,”  referring  to  the  extensive  white  on  the 
upper  hindwing. 

/I. —Shortly  after  my  wife  and  I arrived  on  North  Caicos  we  found, 
after  much  searching,  three  females  of  ads,  flying  about  and  visiting  the  flowers 
of  Croton  sp.  {linearis,  or  near  it).  Several  days  later  we  flew  over  to  Middle  Caicos 
for  the  day,  and,  as  we  walked  westward  from  the  airstrip  at  Conch  Bar,  we 
encountered  several  Croton  plants,  where  we  found  and  took  a few  more  ads.  We 
proceeded  further,  and  both  Croton  and  ads  became  more  numerous.  Soon  we 
reached  a side  road  that  headed  north  toward  the  nearby  coast,  and  we  followed 
it.  It  quickly  began  to  cross  an  area  of  rolling  hills,  in  sight  of  the  sea.  This  area 
was  covered  solidly  with  low,  heath-like  vegetation,  rarely  more  than  0.4-0. 6 m 
high,  at  least  half  of  which  was  Croton  (the  remainder  included  Coccothrinax 
palms  and  Cocoloba  uvifera,  among  other  things).  In  this  Croton  heath  ads  leu- 
costicha  was  extremely  common,  and  hundreds  could  have  been  taken  in  a few 
hours.  They  were  flying,  perching  on  the  Croton  leaves  and  feeding  at  its  flowers. 

The  origin  of  ads  in  the  Bahamas  is  clearly  duplex.  Subspecies  leucosticha,  a 
member  of  the  more  easterly  and  southerly  group  B [grayer  under  surface  ground 
color],  was  probably  derived  from  Hispaniola.  The  many  distinctive  differences 
between  leucosticha  and  Hispaniolan  petioni  suggest  that  the  two  subspecies  sep- 
arated relatively  long  ago,  perhaps  before  the  last  (Wisconsin)  glaciation,  and  that 
leucosticha  therefore  probably  weathered  that  glacial  period  in  situ.  The  subspecies 
armouri  belongs  to  the  more  northern  and  western  group  A [browner  under  surface 
ground  color],  and  from  its  range  in  the  central  Bahamas  one  would  infer  a Cuban 
origin  for  it,  consistent  with  that  membership.  Curiously,  however,  armouri  bears 
little  resemblance  to  Cuban  casasi  and  instead  closely  resembles  the  Jamaican 
subspecies  gossei,  a pattern  strikingly  similar  to  that  found  in  Electrostrymon 
angelia. 
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Abstract 

Summer  and  winter  thermal  conductance  was  studied  in  the  northern  short-tailed  shrew  {Blarina 
brevicaudo).  Measurements  of  heat  loss  (cooling  curves)  were  made  in  specimens  with  hair  and  without 
hair  during  both  summer  and  winter.  Thermal  conductance  with  hair  was  27.6%  higher  during  summer 
than  winter  (x  ± SD  = 2.1 17  ± 0.393  and  X ± SD  = 1.532  ± 0.040  hr  °C,  respectively,  P < 0.05). 
However,  thermal  conductance  without  hair  did  not  show  significant  seasonal  changes  (X  ± SD  = 
3.427  ± 0.706  and  X ± SD  = 3.427  ± 0.307  hr  °C,  respectively,  P > 0.05).  The  ratio,  thermal 
conductance  without  hair/thermal  conductance  with  hair,  during  summer  was  1.6,  and  during  winter 
it  was  2.2. 

Northern  short-tailed  shrews  increase  insulation  probably  by  increasing  hair  density  and/or  length 
during  winter.  These  mechanisms  may  be  useful  in  energy  conservation  and  compensate  for  the  large 
difference  between  body  and  ambient  temperatures  during  winter. 

Introduction 

Winter-active  small  mammals  inhabiting  seasonal  environments  maintain 
euthermy  by  compensatory  seasonal  changes  in  heat  production  (King  and  Mur- 
phy, 1985),  by  changes  in  heat  conservation  resulting  from  morphological,  phys- 
iological and  behavioral  mechanisms  (Merritt,  1984,  1986),  or  a combination. 
Increase  in  length  and  density  of  pelage  may  be  an  important  compensatory  change 
to  minimize  the  high  energetic  cost  of  endothermy  in  small  mammals  during  cold 
periods.  Scholander  (1955)  suggested  that  small  mammals  cannot  accumulate 
enough  insulation  in  the  form  of  fat  or  hair  to  cope  with  low  winter  temperatures 
without  compromising  locomotion.  However,  experimental  evidence  seems  to 
reject  this  hypothesis.  Indeed,  Hart  and  Heroux  (1953)  reported  seasonal  increases 
in  pelage  insulation  of  Peromyscus  maniculatus  in  phase  with  cold  months.  Sea- 
lander  (1972)  also  reported  seasonal  cycles  in  pelage  density  in  the  micro  tine 
rodent  Clethrionomys  rutilus  inhabiting  interior  Alaska.  Further,  Khateeb  and 
Johnson  (1971)  performed  microscopic  studies  of  seasonal  hair  replacement  in 
Microtus  agrestis  and  found  greater  hair  density  during  winter.  Gorecki  (1966), 
Bolshakov  (1984)  and  Bozinovic  et  al.  (1990)  studied  seasonal  pelage  changes  and 
thermal  conductance  of  various  cricetid  rodents  in  Poland,  the  USSR,  and  the 
Andean  range  of  central  Chile,  respectively.  These  studies  showed  an  1 1 to  19.5% 
increase  in  fur  insulation  in  winter. 


‘ Departamento  de  Ciencias  Ecologicas,  Facultad  de  Ciencias,  Universidad  de  Chile,  Casilla  653, 
Santiago,  Chile. 
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Time  (min) 

Fig.  1.  — Relationship  between  the  natural  logarithm  of  the  difference  (Tb  - Ta)  vs.  time  (min)  in 
representative  hair  and  hairless  individuals  of  Blarina  brevicauda  during  winter  and  summer.  Abbre- 
viations: Wh,  winter  with  hair;  Wnh,  winter  without  hair;  Sh,  summer  with  hair;  Snh,  summer  without 
hair. 


The  only  studies  of  seasonal  pelage  changes  in  shrews  are  the  works  of  Borowski 
(1958)  in  Poland,  and  Ivanter  (MS)  in  the  USSR.  Based  on  analysis  of  the  hair 
of  five  species,  both  authors  reported  hair  density  was  lower  in  summer  compared 
to  winter.  Randolph  (1973)  reported  lower  heat  loss  in  specimens  of  the  short- 
tailed shrew  Blarina  brevicauda  during  winter,  compared  with  summer-caught 
shrews.  Merritt  (1986)  described  behavioral,  anatomical,  and  physiological  winter 
survival  mechanisms  of  Blarina  brevicauda,  including  nest  use,  reliance  on  energy- 
rich  prey,  foraging  confined  to  a stable  thermal  microhabitat,  food  hoarding, 
reduced  activity  during  periods  of  cold,  and  increased  thermogenic  capacity. 

Seasonal  changes  in  thermal  conductance  in  Blarina  may  be  a consequence  of 
either  changes  in  adipose  tissue  insulation  (white  fat),  or  changes  in  pelage  (hair 
structure  and  density).  We  have  evaluated  summer  and  winter  physical  thermal 
conductance  (heat  transfer  coefficient)  of  both  haired  and  hairless  B.  brevicauda, 
to  determine  if  seasonal  variability  in  heat  loss  is  a function  of  differences  in 
pelage. 


Methods 

The  research  was  conducted  at  Powdermill  Biological  Station  of  Carnegie  Mu- 
seum of  Natural  History,  located  in  the  Allegheny  Mountains  section  of  the 
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Appalachian  Plateau.  Habitat  is  mixed  deciduous  forest.  The  area  experiences  a 
humid,  continental  climate  marked  by  warm  summers  and  cold  winters.  Seasonal 
ambient  temperature  extremes  range  from  +36  to  — 3 1°C.  For  further  description 
of  the  site  and  habitat  of  B.  brevicauda  see  Merritt  (1986). 

Animals  were  captured  with  Sherman  live  traps  (5.1  x 6.4  x 16.5  cm)  during 
winter  and  summer  of  1990.  Animals  that  died  in  the  traps  were  frozen  and 
maintained  in  individual  plastic  bags  until  the  experiments.  We  used  five  frozen 
individuals  per  season  with  similar  body  masses  (x  ± SD  = 14.1  ± 0.8  g and  x 
± SD  = 13.6  ± 1.2  g summer  and  winter,  respectively).  Determinations  of  heat 
loss  rates  were  made  for  animals  with  and  without  hair  using  the  method  of 
Morrison  and  Tietz  (1957).  We  recorded  the  change  in  colonic  body  temperature 
(Tb)  of  intact  animals  previously  warmed  to  37°C,  in  a chamber  at  a constant 
temperature  (Ta)  of  5 ± 1.0°C.  At  3-min  intervals  we  recorded  Tb  and  Ta  until 
a thermal  gradient  of  10  to  15°C  was  achieved  (Randolph,  1973).  After  these 
measurements  were  taken,  the  hair  of  each  shrew  was  shaved  and  depilated  and 
the  experiment  repeated. 

Thermal  conductance  with  hair  (h)  and  without  hair  (nh)  was  calculated  as 

follows  (Bozinovic  et  al.,  1987): 

Thermal  conductance  = b x Hm  (‘''‘I4  hr  °C) 

where  b ^ slope  of  the  curve  ln(Tb  — Ta)  vs.  Time  (min) 

Hm  = specific  heat  of  a mammal  (0.84  °C) 

Thermal  conductance  during  winter  and  summer  were  compared  using  the  AN- 
COVA  test  for  slopes,  significance  level  was  0.05,  values  are  expressed  as  means 
± SD  (Steel  and  Torrie,  1985). 


Results 

Representative  relationships  of  ln(Tb  - Ta)  versus  time  (cooling  curve)  for 
haired  and  hairless  individuals  of  both  winter  and  summer  specimens  are  shown 
in  Fig.  1.  Regression  coefficients  of  curves  (with  and  without  hair)  were  highly 
significant  (r  ranged  from  0.889  to  0.999,  F < 0.05). 

Table  1 shows  the  mean  thermal  conductance  values  with  hair  (h)  and  without 
hair  (nh)  for  each  season,  and  the  ratios  nh:h.  Thermal  conductance  with  hair 
was  27.6%  lower  during  winter  compared  to  summer  (t  = 2.40,  df  = 8,  P < 0.05). 
Using  the  same  methodology,  Randolph  (1973),  reported  that  summer-caught 
shrews  have  21.7%  greater  heat  loss  (thermal  conductance)  than  winter-caught 
individuals. 

No  seasonal  changes  were  observed  in  thermal  conductance  of  animals  without 
hair  (t  = 0.00,  df  ^ 8,  P > 0.05).  The  ratio  nh:h  was  27.3%  higher  during  winter. 


Table  — Thermal  conductance  of  Blarina  brevicauda  during  summer  and  winter.  Values  are 

means  ± SD. 


Conductance  hr  °C) 

Summer 

Winter 

With  hair  (Ch) 

Without  hair  (Cnh) 

Ratio  (Cnh:Ch) 

2.117  ± 0.393 

3.427  ± 0.706 

1.600  ± 0.300 

1.532  ± 0.040 

3.427  ± 0.307 

2.200  ± 0.300 
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Ambient  Temperature  (oc) 

Fig.  2. “Theoretical  heat  production  of  Blarina  brevicauda  at  different  ambient  temperatures  for 
summer  and  winter  pelage.  Each  curve  was  calculated  using  the  relationship:  E = Ch  (Tb  - Ta),  where 
E:  heat  production,  Ch:  thermal  conductance  with  hair  during  summer  and  winter  (see  Table  1),  Tb: 
body  temperature  (38.3°C)  and  Ta:  ambient  temperature.  Slopes  of  both  curves  are  thermal  conduc- 
tances hr  °C). 


Discussion 

Northern  short-tailed  shrews  diminish  thermal  conductance  and  heat  transfer 
to  the  environment  probably  by  increasing  hair  density  and/or  length  during 
winter.  Ivanter  (MS)  pointed  out  that  winter  hairs  of  shrews  are  thinner  and  longer 
than  summer  hairs.  He  also  reported  that  the  density  of  winter  pelage  increased 
by  approximately  25%  over  that  of  summer. 

In  our  study,  Blarina  brevicauda  showed  an  increased  conductance  ratio  of  hair 
to  no  hair  during  winter,  and  a lower  coefficient  of  heat  loss.  No  seasonal  change 
in  conductance  without  hair  was  recorded  (Table  1).  Therefore,  the  hypothesis 
that  seasonal  changes  in  hair  cover  account  for  differences  in  thermal  conductance 
is  supported. 

The  thermoregulatory  capabilities  of  an  endotherm  at  different  ambient  tem- 
peratures depends  on  the  balance  between  the  rate  of  heat  production  and  heat 
loss.  The  lower  thermal  conductance  during  winter  contributes  to  maintenance 
of  euthermy  with  a resultant  lower  rate  of  heat  production  (Fig.  2).  This  seasonal 
change  may  be  useful  in  energy  conservation  and  compensates  for  the  larger 
difference  between  body  and  ambient  temperatures  during  winter. 

To  assess  the  impact  of  seasonal  changes  in  thermal  conductance  on  their  energy 
budget,  we  calculated  the  theoretical  total  resting  energy  expenditure  or  heat 
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production  (E)  of  Blarina  during  summer  and  winter.  We  used  the  equation  E = 
Ch  (Tb  ~ Ta),  where  Ch  is  the  value  of  thermal  conductance  with  hair  listed  in 
Table  1,  and  data  reported  by  Merritt  and  Bozinovic  (MS):  Tb  = 38.3°C,  Ta 
summer  = 10®C  and  Ta  winter  (subsurface  tunnel)  = 1°C.  We  obtained  values  of 
E during  summer  of  59.9  hr  while  during  winter  E ^ 57. 1 ''^*4  hr.  Merritt  (1986) 
reported  the  mean  body  mass  of  summer-  and  winter-caught  short-tailed  shrews 
(18.0  and  20  g,  respectively).  Thus,  total  minimum  E may  be  1.08  during 
summer  and  L14  during  winter. 

By  decreasing  thermal  conductance  in  winter,  individuals  not  only  exhibit  lower 
rates  of  heat  loss  (heat  conservation)  but  also  demonstrate  equivalent  caloric 
requirements  during  both  seasons,  despite  the  lower  ambient  temperatures  during 
winter. 
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Abstract 

Ongoing  paleontological  field  work  has  resulted  in  the  recovery  of  fossils  representing  four  new 
species  of  omomyid  primates  from  the  Lost  Cabin  Member  of  the  Wind  River  Formation,  northeastern 
Wind  River  Basin,  central  Wyoming.  Hemiacodon  casamissus,  n.  sp.,  is  the  oldest  (latest  Wasatchian 
or  Lostcabinian)  known  species  of  Hemiacodon,  a genus  otherwise  restricted  to  the  late  Bridgerian 
(Twinbuttean).  The  dental  anatomy  of  H.  casamissus  suggests  that  Hemiacodon  is  an  aberrantly 
specialized  washakiin  genus  which  shares  most  recent  common  ancestry  with  a clade  consisting  of 
Washakius  and  Dyseoiemur.  Trogolemur  amplior,  n.  sp.,  and  the  lithosympatric  T.fragilis,  n.  sp,,  are 
the  oldest  (earliest  Bridgerian  or  Gardnerbuttean)  known  species  of  this  highly  specialized  anapto- 
morphine  genus.  The  upper  and  lower  molar  morphology  of  Trogolemur  suggests  that  the  closest 
relatives  of  this  genus  are  Tetonoides,  Arapahovius  and  Anemorhysis.  The  content  of  the  previously 
monotypic  tribe  Trogolemurini  is  therefore  expanded  to  include  the  latter  three  genera.  Anemorhysis 
natronensis,  n.  sp.,  is  the  youngest  known  (Gardnerbuttean)  species  of  Anemorhysis.  It  likely  shares 
most  recent  common  ancestry  with  A.  patter soni.  The  phylogeny  of  Anemorhysis  is  complex;  at  least 
two  lineages  of  Anemorhysis  appear  to  have  coexisted  throughout  most  of  its  stratigraphic  range. 

An  important  restructuring  in  the  taxonomic  composition  of  the  North  American  omomyid  primate 
fauna  occurred  around  the  Wasatchian-Bridgerian  boundary.  At  that  time,  global  climatic  warming 
may  have  contributed  to  a gradual  turnover  in  omomyid  taxonomic  composition  at  the  subfamilial 
level,  with  Omomyinae  replacing  Anaptomorphinae  as  the  dominant  component  of  omomyid  faunas. 
This  restructuring  had  an  important  consequence  for  the  later  evolution  of  Omomyidae  in  North 
America,  as  omomyines  continued  to  diversify  while  only  one  anaptomorphine,  the  extremely  rare 
and  dentally  specialized  Trogolemur,  is  known  to  have  survived  beyond  Bridgerian  time. 


Introduction 

Many  seasons  of  collecting  the  mammalian  fauna  of  the  upper  part  of  the  Wind 
River  Formation  in  the  Wind  River  Basin  of  central  Wyoming  have  resulted  in 
the  recovery  of  fossils  representing  four  new  species  of  omomyid  primates.  The 
upper  part  of  the  Wind  River  Formation  traverses  the  Wasatchian-Bridgerian 
(early-middle  Eocene)  boundary  (Stucky,  1984^,  1984A  1984c;  Krishtalka  et  al, 
1987),  and  thus  yields  mammalian  fossils  intermediate  in  age  between  the  “clas- 
sic” early  and  middle  Eocene  faunas  known  from  the  Will  wood  and  Bridger 
formations  of  northwestern  and  southwestern  Wyoming,  respectively  (e.g..  Cope, 
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1881;  Stucky,  1984c;  Krishtalka  et  al,  1987).  The  early  and  middle  Eocene  omo- 
myid  faunas  from  those  formations  share  no  genera  in  common,  reflecting  a 
marked  change  in  omomyid  taxonomic  composition  between  the  times  of  de- 
position of  those  rock  units.  Thus,  the  omomyids  of  the  upper  part  of  the  Wind 
River  Formation  provide  critical  insight  into  this  taxonomic  reorganization,  which 
was  arguably  the  most  important  event  influencing  the  later  evolution  of  omo- 
myids in  North  America. 

In  this  report  we  formally  describe  four  new  species  of  omomyids  from  the 
upper  part  of  the  Wind  River  Formation  and  assess  their  significance  for  under- 
standing the  phylogeny  of  North  American  Omomyidae.  We  also  present  a cli- 
matic hypothesis  that  may  account  for  the  taxonomic  reorganization  of  the  omo- 
myid primate  fauna  across  the  Wasatchian-Bridgerian  boundary. 

Institutional  abbreviations  used  in  this  report  are  as  follows:  ACM,  Pratt  Mu- 
seum of  Geology,  Amherst  College  (Amherst,  Massachusetts);  AMNH,  American 
Museum  of  Natural  History  (New  York,  New  York);  CM,  Carnegie  Museum  of 
Natural  History  (Pittsburgh,  Pennsylvania);  UALP,  University  of  Arizona  Lab- 
oratory of  Paleontology  (Tucson,  Arizona);  UCM,  University  of  Colorado  Mu- 
seum (Boulder,  Colorado);  USGS,  Paleontology- Stratigraphy  Branch,  U.S.  Geo- 
logical Survey  (Denver,  Colorado);  YPM-PU,  Princeton  University  paleontological 
collections  now  housed  at  Yale  Peabody  Museum  (New  Haven,  Connecticut). 

Systematic  Paleontology 

Order  Primates  Linnaeus,  1758 
Suborder  Haplorhini  Pocock,  1918 
Infraorder  Tarsiiformes  Gregory,  1915 
Family  Omomyidae  Trouessart,  1879 
Subfamily  Anaptomorphinae  Cope,  1883 

Tribe  Trogolemurini  Szalay,  1976 

Type  genus,  — Trogolemur  Matthew,  1 909. 

Included  genera,  — Trogolemur  MsLtlhew,  1909;  Anemorhysis  Gazin,  1958;  Te- 
tonoides  Gazin,  1962;  Arapahovius  Savage  and  Waters,  1978. 

Emended  Anaptomorphines  with  relatively  large  M3  and  M^.  P4 

with  buccolingually  wide  talonid  and  cristid  obliqua  joining  trigonid  buccally. 
Molar  talonids  deeply  basined,  with  weakly  inflated  talonid  cusps  peripheral  in 
position.  Ml  relatively  longer  and  narrower  than  in  Anaptomorphini.  M2„3  with 
protoconid  and  metaconid  cusps  widely  separated,  paraconid  lingual  in  position, 
and  with  shelf-like  paracristid  resulting  in  relatively  well-developed  mesial  tri- 
gonid fovea.  Upper  molars  (unknown  in  Anemorhysis)  with  enhanced  develop- 
ment of  postprotocingulum.  M^  with  well-developed  postprotocrista  continuous 
with  lingual  crest  from  metacone  near  metaconule. 

Discussion,  Szalay  (1976)  divided  the  subfamily  Anaptomorphinae  into  the 
tribes  Anaptomorphini  and  Trogolemurini,  the  latter  including  only  Trogolemur 
my  odes.  Thus,  the  tribe  Trogolemurini  was  originally  proposed  solely  on  the  basis 
of  the  phenetic  distinctiveness  of  T.  myodes  with  respect  to  other  anaptomor- 
phines,  a point  made  explicitly  by  Szalay  (1976:255). 

The  two  new  species  of  Trogolemur  described  below  (particularly  T.  amplior) 
provide  insight  into  the  phylogenetic  position  of  Trogolemur,  because  they  possess 
what  we  interpret  as  a more  primitive  molar  morphology  than  that  of  T.  myodes. 
In  light  of  these  new  species  and  reassessment  of  other  anaptomorphine  specimens, 
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a number  of  dental  synapomorphies  appear  to  define  a clade  of  anaptomorphines 
consisting  of  the  genera  Tetonoides,  Anemorhysis,  Arapahovius  and  Trogolemur. 
Using  Teilhardina  belgica  and  Steinius  vespertinus  as  approximations  of  the  omo- 
myid dental  morphotype  (Rose  and  Bown,  1991),  derived  dental  traits  shared  by 
Tetonoides,  Anemorhysis,  Arapahovius  and  Trogolemur  include  most  of  the  fea- 
tures listed  above  in  the  tribal  diagnosis.  Exceptions  include  the  relatively  large 
upper  and  lower  third  molars,  the  relatively  long  and  narrow  Mi,  and  the  deeply 
basined  lower  molar  talonids  bearing  weakly  inflated,  peripherally  situated  talonid 
cusps  that  are  found  in  both  Trogolemurini  and  the  primitive  omomyine  S. 
vespertinus  (Bown  and  Rose,  1984;  Rose  and  Bown,  1991).  We  hypothesize  that 
the  dental  characters  shared  by  Trogolemurini  and  5’.  vespertinus  are  symple- 
siomorphies,  and  that  the  alternative  character  states  found  in  Anaptomorphini 
are  derived. 

Given  these  considerations,  we  have  modified  Szalay’s  (1976)  concept  of  the 
Trogolemurini,  making  it  a more  inclusive  grouping  than  originally  proposed. 
Such  a taxonomic  change  is  required  in  order  to  maintain  the  Anaptomorphini 
(sensu  Szalay,  1976;  i.e.,  including  Anemorhysis)  as  monophyletic.  Although  the 
monophyly  of  the  Trogolemurini  as  defined  here  can  be  defended  on  dental 
evidence,  interrelationships  among  the  included  genera  are  not  yet  clear. 

The  postcranial  anatomy  of  members  of  the  Trogolemurini  remains  poorly 
known,  as  is  the  case  for  omomyids  in  general.  Only  a few  isolated  tarsal  elements 
and  a distal  tibia  have  been  referred  to  Arapahovius  gazini  (Savage  and  Waters, 
1978;  Gebo,  1988),  the  only  trogolemurinin  for  which  postcranial  elements  have 
been  identified.  Given  our  meager  knowledge  of  the  postcranium  in  Anapto- 
morphinae,  it  is  interesting  that  the  tarsals  of  Arapahovius  gazini  differ  from  those 
of  the  anaptomorphinins  Teilhardina  belgica  and  Tetonius  homunculus  in  ways 
that  suggest  a greater  emphasis  on  leaping  in  A.  gazini  (Savage  and  Waters,  1978; 
Gebo,  1988),  Hence,  it  is  possible  that  postcranial  features  will  also  prove  to  be 
diagnostically  different  in  Trogolemurini  and  Anaptomorphini,  once  better  rep- 
resentation of  the  postcranium  in  Anaptomorphinae  is  acquired. 

Anemorhysis  G^izin,  1958 

Type  species.— Par atetoniusl  sublettensis  Gazin,  1952. 

Included  species.— Anemorhysis  sublettensis  (Gazin,  1952);  A.  wortmani  Bown 
and  Rose,  1984;  A.  pattersoni  Bown  and  Rose,  1984;  A.  natronensis,  n.  sp. 

Anemorhysis  natronensis,  new  species 
(Fig.  1) 

Holotype.— CM  41137  (Fig.  1),  left  dentary  fragment  preserving  root  of  Ii, 
crowns  of  I2  (broken),  Ci,  P3_4,  Mi_2;  only  known  specimen. 

Type  locality.— CiA  loc.  34,  Natrona  County,  Wyoming. 

Known  distribution.— Eotitanops  {=Palaeosyops)  borealis  Assemblage  Zone 
(Gardnerbuttean,  earliest  Bridgerian),  Lost  Cabin  Member,  Wind  River  Forma- 
tion, Wind  River  Basin,  Wyoming  (for  definitions  and  discussion  of  Eocene  bio- 
stratigraphic  units  used  in  this  paper  see  Stucky,  1984a;  Krishtalka  et  al.,  1987; 
Stucky  et  al,  1990). 

Diagnosis.  — Paraconid  of  P4  weakly  developed,  inferior  in  position,  and  widely 
separated  from  metaconid,  in  contrast  to  A.  wortmani  and  A.  sublettensis.  P4 
longer,  less  exodaenodont,  and  with  slightly  better  developed  paraconid  than  in 
A.  pattersoni.  Dentary  more  shallow  than  that  of^.  pattersoni,  with  less  mesiodistal 
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compression  of  I2-P3  and  with  less  hypertrophy  of  Ij  (judging  from  roots  or  alveoli 
for  these  teeth  in  A.  pattersoni).  Paraconid  of  M2  less  connate  with  metaconid 
than  in  A.  pattersoni. 

Etymology.— for  Natrona  County,  Wyoming. 

Description.  —The  anterior  dentition  is  more  complete  in  CM  41137  than  in  any  other  specimen  of 
Anemorhysis,  yielding  a lower  dental  formula  of  2- 1-2-3  for  A.  natronensis. 

The  crowns  of  the  incisors  of  A.  natronensis  (CM  41137)  are  missing.  From  the  preserved  root  of 
I,  and  the  broken  crown  of  T,  it  is  apparent  that  I,  was  larger  than  C,  although  the  difference  in  size 
appears  not  to  have  been  great.  The  relatively  minor  hypertrophy  of  I , found  in  A.  natronensis  compared 
to  other  species  of  the  genus  (particularly  A.  pattersoni  and  A.  wortmani)  is  apparently  correlated  with 
its  comparatively  shallow  dentary  (depth  of  the  dentary  below  M,  in  CM  41137  is  3 A mm,  whereas 
the  same  measurement  in  USGS  476,  holotype  of  A.  pattersoni,  is  4.4  mm;  see  Beard,  1987), 

The  lower  canine  measures  1.20  mm  (mesiodistal  length,  L)  x 0.95  mm  (buccolingual  width,  W). 
The  crown  is  canted  strongly  mesially  and  is  simple  in  morphology,  being  dominated  by  the  protoconid. 
A weak  lingual  cingulid  runs  continuously  from  the  lingual  aspect  of  the  apex  of  the  protoconid  to 
the  diminutive  talonid  heel  of  the  tooth,  where  it  joins  a tiny  cuspule  that  may  represent  a weak 
entoconid.  A similarly  weak  cuspule  is  developed  in  the  hypoconid  region  of  the  talonid  heel.  There 
is  no  ectocingulid. 

P3  measures  1.40  mm  (L)  x 1.15  mm  (W)  and  is  double-rooted.  The  trigonid  bears  only  the 
protoconid.  There  is  a weak  lingual  cingulid  as  in  C,,  but  this  structure  is  not  continuous  in  P3,  being 
interrupted  near  the  lingual  side  of  the  postvallid.  A weak  crest  runs  inferiorly  from  the  apex  of  the 
protoconid  toward  the  entoconid,  but  it  does  not  join  that  cusp.  The  extremely  short  and  shallowly 
basined  talonid  bears  both  an  entoconid  and  a hypoconid,  with  the  latter  cusp  being  more  prominent. 
There  is  no  appreciable  development  of  a cristid  obliqua  on  P3. 

P4  measures  1.50  mm  (L)  x 1.30  mm  (W).  The  tooth  is  morphologically  very  similar  to  P3,  from 
which  it  differs  in  being  somewhat  more  molariform.  The  trigonid  bears  both  a paraconid  and  meta- 
conid in  addition  to  the  protoconid.  The  paraconid  is  situated  very  inferiorly  on  the  crown  and  is 
weakly  developed  with  respect  to  the  metaconid.  The  latter  two  cusps  are  widely  separated  mesio- 
distally,  in  contrast  to  the  condition  in  A.  wortmani  and  A.  sublettensis.  A weak  lingual  cingulid  is 
present  between  the  paraconid  and  metaconid.  The  talonid  is  mesiodistally  longer  and  more  clearly 
basined  on  P4  than  P3,  and  it  possesses  both  a hypoconid  and  an  entoconid  as  in  the  latter  tooth.  A 
weak  cristid  obliqua  unites  the  hypoconid  with  the  postvallid. 

M,  measures  1.80  mm  (L)  x 1.40  mm  (W).  The  crown  is  morphologically  typical  of  the  genus 
Anemorhysis  and  is  very  similar  to  that  of  A.  pattersoni  (Bown  and  Rose,  1984).  It  differs  from  M,  in 
A.  wortmani  in  that  the  cristid  obliqua  does  not  join  the  metaconid. 

M2  measures  1.80  mm  (L)  x 1.30  mm  (W).  Like  M,,  the  crown  of  M2  is  morphologically  similar 
to  those  of  other  species  of  Anemorhysis.  It  differs  slightly  from  the  M2  of  A.  pattersoni  in  having  the 
paraconid  and  metaconid  less  connate. 

Discussion.— Anemorhysis  natronensis,  from  the  earliest  part  of  the  Bridgerian 
Land  Mammal  Age,  is  the  youngest  known  species  of  the  genus.  Despite  its  young 
age,  in  certain  respects  A.  natronensis  is  more  primitive  than  any  of  the  older 
species  of  the  genus  currently  known.  These  features  of  A.  natronensis  would 
appear  to  reflect  the  complicated  pattern  of  phylogeny  of  Anemorhysis,  a genus 
which,  in  terms  of  numerical  abundance,  remains  one  of  the  most  poorly  repre- 
sented anaptomorphines  (Bown  and  Rose,  1984,  1987). 

The  anterior  dentition  is  more  completely  preserved  in  A.  natronensis  than  in 
any  other  species  of  the  genus.  Thus,  a lower  dental  formula  of  2- 1-2-3  is  well 
established  for  this  species.  A similar  lower  dental  formula  may  also  characterize 
A.  pattersoni  and  A.  wortmani  (Bown  and  Rose,  1984).  However,  Bown  and  Rose 
(1987:43)  later  suggested  that  “The  probable  absence  of  p2  in  the  holotype  of  A. 


Fig.  Anemorhysis  natronensis,  n.  sp.,  holotype,  CM  41137.  Left  dentary  fragment  preserving  root 
of  I,,  crowns  of  C (broken),  Ci,  P3^,  M,_2.  Top  to  bottom:  occlusal,  buccal  and  lingual  views.  Scale 
equals  5 mm. 
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Fig.  2.— Cladogram  depicting  species-level  relationships  within  the  genus  Anemorhysis.  See  text  for 
discussion  of  synapomorphies  supporting  each  node. 


pattersoni  . . . , upon  restudy,  seems  equivocal.  It  is  just  as  likely  that  the  two 
small  compressed  alveoli  anterior  to  the  two  roots  of  p3  contained  c and  p2,  and 
that  damage  at  the  back  of  the  i 1 alveolus  has  obliterated  a diminutive  i2  alveolus.” 
Despite  these  appropriately  cautious  observations,  the  dental  formula  of  A.  na- 
tronensis  supports  the  earlier  interpretation  of  Bown  and  Rose  ( 1 984),  who  favored 
a more  reduced  dental  formula  for  ^4.  pattersoni.  Anemorhysis  natronensis  closely 
resembles  A.  pattersoni  in  most  aspects  of  its  morphology.  Indeed,  the  most 
significant  morphological  differences  between  A.  natronensis  and  A.  pattersoni  are 
the  increased  mesiodistal  compression  of  I2-P3,  greater  hypertrophy  of  Ij,  and 
deeper  dentary  in  A.  pattersoni.  For  these  reasons,  it  is  difficult  to  imagine  that 
A.  pattersoni  retained  a premolar  (P2)  that  was  lost  in  A.  natronensis,  while  at  the 
same  time  evolving  a more  foreshortened  dentary  with  a more  hypertrophied  Ii 
than  occurs  in  that  species.  Thus,  it  seems  probable  that  the  lower  dental  formula 
for  A.  pattersoni  is  the  same  as  that  for  A.  natronensis  (2- 1-2-3),  although  more 
complete  specimens  of  the  former  species  are  required  to  verify  such  an  hypothesis. 

As  the  genus  is  defined  in  this  paper,  the  monophyly  of  Anemorhysis  can  be 
defended  on  the  basis  of  the  following  three  synapomorphies  (using  the  closely 
related  taxa  Tetonoides  pearcei  and  Arapahovius  gazini  as  outgroups):  (1)  Ij  larger 
than  I2;  (2)  some  degree  of  foreshortening  of  dentary;  (3)  talonid  of  P4  variably 
basined  and  buccolingually  wide,  with  entoconid  and  hypoconid  widely  separated 
(Fig.  2,  node  1).  The  species  Tetonoides  pearcei,  originally  proposed  by  Gazin 
(1962)  and  often  classified  as  a species  of  Anemorhysis  (e.g.,  Bown,  1974;  Szalay, 
1976;  Bown  and  Rose,  1984,  1987),  is  excluded  from  Anemorhysis  here  because 
it  lacks  these  synapomorphies.  Such  a view  has  also  been  endorsed  by  Savage  and 
Waters  (1978),  Bown  (1979a),  and  Gingerich  (1981).  We  agree  with  Savage  and 
Waters  (1978:16)  that  Tetonoides  pearcei  may  share  more  recent  common  ancestry 
with  Arapahovius  (and/or  Trogolemur)  than  with  Anemorhysis,  although  the  sim- 


1992 


Beard  et  al.— New  Omomyid  Primates 


45 


ilarities  shared  by  Tetonoides  and  Arapahovius  may  also  be  trogolemurinin  sym- 
plesiomorphies,  indicative  of  no  closer  relationship  than  their  common  tribal 
affiliation.  In  either  case,  Tetonoides  pearcei  is  best  kept  distinct  from  either 
Anemorhysis  ov  Arapahovius,  at  least  until  its  phylogenetic  relationships  are  better 
understood. 

The  known  species  of  Anemorhysis  appears  to  comprise  two  clades,  each  con- 
taining two  or  more  species.  These  two  clades  are  most  easily  distinguished  on 
the  basis  of  their  lower  premolars.  One  of  these  clades,  that  comprising  A.  pat- 
tersoni  and  A.  natronensis  (Fig.  2,  node  2),  is  characterized  by  the  derived  loss  of 
one  lower  premolar  (P2)  coupled  with  generally  primitive  lower  premolar  mor- 
phology. In  A.  pattersoni  and  A.  natronensis,  the  paraconid  and  metaconid  on  P4 
are  widely  separated  and  the  paraconid  is  weakly  developed  and  inferior  in  po- 
sition compared  to  the  condition  in  A.  wortmani  and  A.  sublettensis  (Down  and 
Rose,  1984,  1987).  P3  in  A.  natronensis  also  differs  considerably  from  this  tooth 
in  A.  wortmani  in  having  a much  longer  trigonid  and  in  being  double-rooted.  The 
crown  of  P3  is  unknown  in  both  A.  pattersoni  and  A.  sublettensis,  but  this  tooth 
is  double-rooted  in  ^4.  pattersoni,  as  in  yl.  natronensis  but  in  contrast  to  A.  wortmani 
(Down  and  Rose,  1984,  1987).  In  all  of  these  aspects  of  lower  premolar  mor- 
phology, A.  pattersoni  and  A.  natronensis  resemble  the  condition  in  very  primitive 
anaptomorphines  such  as  Teilhardina  belgica  and  T.  americana  (Bown  and  Rose, 
1987).  For  this  reason,  the  premolar  morphology  of  these  two  species  (especially 
that  of  A.  natronensis)  likely  approximates  the  primitive  condition  for  the  genus. 

A more  derived  lower  premolar  morphology  occurs  in  A.  wortmani,  A.  sublet- 
tensis and  an  undescribed  species  of  Anemorhysis  from  Lysitean  rocks  in  the 
Washakie  Basin  of  southern  Wyoming  (H.  H.  Covert,  1990,  personal  commu- 
nication) that  we  believe  to  be  the  sister  taxon  of  a clade  including  A.  wortmani 
and  A.  sublettensis  (Fig.  2,  node  3).  In  all  of  these  species  the  trigonids  of  P3^  are 
derived  in  being  mesiodistally  compressed  compared  to  the  condition  in  A.  pat- 
tersoni and  A.  natronensis.  The  lower  fourth  premolar  is  further  derived  in  the 
clade  including  A.  wortmani  and  A.  sublettensis  (Fig.  2,  node  4)  in  that  the  para- 
conid of  P4  is  strongly  cuspidate,  closely  appressed  to  the  metaconid,  and  joined 
to  the  protoconid  by  a well-developed,  strongly  arcuate  paracristid.  Two  additional 
derived  features  occur  in  the  premolars  mesial  to  P4  in  A.  wortmani,  but  the 
relevant  anatomy  remains  unknown  in  A.  sublettensis.  As  is  the  case  in  the  clade 
including  A.  pattersoni  and  A.  natronensis,  P2  is  lost  in  A.  wortmani  (Bown  and 
Rose,  1984,  1987).  However,  the  loss  of  P2  clearly  occurred  in  parallel  in  A. 
wortmani  on  the  one  hand  and  in  the  A.  pattersoni  + A.  natronensis  clade  on  the 
other,  because  this  tooth  is  retained  in  the  undescribed  species  of  Anemorhysis 
from  the  Washakie  Basin  (H.  H.  Covert,  1990,  personal  communication).  P3  in 
A.  wortmani  is  derived  compared  to  that  in  all  other  species  of  Anemorhysis  for 
which  the  relevant  anatomy  is  known  (P3  remains  unknown  only  in  A.  sublettensis) 
in  being  single-rooted  (Bown  and  Rose,  1984,  1987).  More  nearly  complete  fossils 
of  A.  sublettensis  are  required  to  resolve  whether  the  loss  of  P2  and  the  presence 
of  a single-rooted  P3  in  A.  wortmani  are  autapomorphies  for  that  species  or  else 
form  additional  synapomorphies  for  the  A.  wortmani  + A.  sublettensis  clade.  A 
similar  conclusion  concerning  the  sister  group  relationship  between  A.  wortmani 
and  A.  sublettensis  was  reached  by  Bown  and  Rose  (1984,  1987). 

The  known  stratigraphic  occurrences  of  the  four  species  of  Anemorhysis  dem- 
onstrate that  throughout  much,  if  not  all,  of  its  temporal  duration  the  genus  was 
composed  of  two  contemporaneous  clades. 
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Fig.  3.  — Trogolemur  amplior,  n.  sp.,  holotype,  CM  40069.  Left  dentary  fragment  preserving  crowns 
of  M,_2,  roots  or  alveoli  for  I,,  C,,  P3^.  Views  are  occlusal  (top)  and  buccal  (bottom).  Scale  equals  10 
mm. 


Trogolemur  1909 

Twgolemur  amplior,  new  species 
(Fig.  3,  4) 

Holotype. —CM  40069  (Fig.  3),  left  dentary  fragment  preserving  crowns  of 
Mi_2,  roots  or  alveoli  for  Ij,  Ci,  P3_4. 

Hypodigm.— The  holotype  and  possibly  UCM  46602,  isolated  left  P3  (Fig.  4). 

Type  locality.— CM  loc.  34,  Natrona  County,  Wyoming. 

Known  distribution.  —Eotitanops  borealis  Assemblage  Zone  (Gardnerbuttean, 
earliest  Bridgerian),  and  possibly  (if  UCM  46602  is  correctly  referred)  Lamb- 
dotherium  Range  Zone  (UCM  loc.  80062,  Lostcabinian,  latest  Wasatchian),  Lost 
Cabin  Member,  Wind  River  Formation,  Wind  River  Basin,  Wyoming. 

Diagnosis.  — Larger  than  T.  myodes,  with  deeper  dentary.  Talonids  of  Mi_2  more 
deeply  basined  and  wider  in  relation  to  trigonids  than  in  T.  myodes. 

Etymology.— Latin  amplior,  larger;  with  reference  to  the  comparatively  large 
size  of  the  species. 

Description.— Tht  holotype  of  T.  amplior,  CM  40069,  preserves  roots  or  alveoli  for  most  if  not  all 
of  the  dentition  mesial  to  the  crown  of  M,.  The  most  mesial  and  the  largest  of  these  alveoli  harbors 
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the  broken  root  of  Ii,  which  extends  distally  at  least  as  far  as  the  talonid  of  M2.  Thus,  the  unknown 
I,  crown  of  T.  ampUor  was  evidently  enlarged  and  procumbent,  and  its  root  extended  beneath  the 
lower  molars,  as  occurs  only  in  Trogolemur  among  known  omomyids. 

Between  the  alveolus  for  I,  and  the  crown  of  M,  in  CM  40069,  there  are  three  alveoli.  These  increase 
in  circumference  distally,  thus  having  the  same  relative  proportions  as  the  alveoli  for  the  teeth  inter- 
preted as  C,,  P3,  and  P4  in  T.  myodes  (Gazin,  1958;  Szalay,  1976).  By  analogy  with  T.  myodes,  these 
three  alveoli  are  also  interpreted  as  having  supported  single-rooted  C,,  P3,  and  P4  in  CM  40069.  If  so, 
the  relative  proportions  of  the  crowns  of  these  teeth  in  T.  amplior  are  likely  to  have  been  the  same 
as  those  in  T.  myodes.  There  is  no  evidence  of  a diminutive,  laterally  placed  alveolus  for  C in  CM 
40069,  contrary  to  the  condition  in  the  holotype  of  T.  myodes  (AMNH  12599;  see  Gazin,  1958; 
Szalay,  1976).  However,  breakage  may  have  obscured  this  structure  in  CM  40069. 

P3,  preserved  in  the  tentatively  referred  specimen  UCM  46602  (see  below),  measures  1.20  mm  (L) 
X 0.95  mm  (W).  The  protoconid  is  low  and  canted  mesially.  Mesial  and  distobuccal  crests  run  inferiorly 
from  the  apex  of  the  protoconid.  Neither  paraconid  nor  metaconid  is  present.  A mesiodistally  short 
but  transversely  wide  talonid  heel  bears  tiny  cuspules  that  may  represent  incipient  hypoconid  and 
entoconid  cusps.  The  crown  bears  labial  and  lingual  cingulids  and  is  noticeably  exodaenodont. 

M|  measures  2.20  mm  (L)  x 1,85  mm  (W).  The  trigonid  bears  the  normal  three  cusps,  although 
the  apex  of  the  paraconid  is  broken.  Apparently,  the  latter  was  situated  farther  buccally  and  mesially 
than  is  the  case  on  M2.  A similar  condition  exists  in  T.  myodes.  The  protoconid  is  slightly  taller  than 
the  metaconid  and  is  separated  from  it  by  a prominent  valley  that  arcs  mesiolingually,  where  it  separates 
the  metaconid  from  the  broken  paraconid,  thus  resulting  in  a lingually  open  trigonid.  A well-developed 
paracristid  unites  the  apex  of  the  protoconid  with  the  broken  paraconid.  The  talonid  is  appreciably 
wider  than  the  trigonid,  is  deeply  basined,  and  is  surrounded  on  all  sides  by  well-developed  crests,  all 
of  which  are  in  contrast  to  the  condition  in  T.  myodes.  The  cristid  obliqua  runs  in  arcuate  fashion 
from  the  hypoconid  to  the  metaconid,  thus  resulting  in  a relatively  deep  hypoflexid.  A partial  post- 
cingulid  runs  between  the  hypoconid  and  the  poorly-developed  hypoconulid.  The  ectocingulid  is  only 
faintly  developed,  being  best  expressed  on  the  buccal  surface  of  the  protoconid.  Two  small  lobes  of 
enamel  extend  inferiorly  on  the  buccal  surfaces  of  the  protoconid  and  hypoconid  cusps,  making  the 
M 1 crown  as  a whole  slightly  exodaenodont. 

M2  measures  1.95  mm  (L)  x 1.95  mm  (W).  In  contrast  to  the  condition  in  M,,  the  paraconid  is 
fully  lingual  in  position  and  connate  with  the  metaconid,  the  paracristid  is  shelf-like  rather  than 
crestiform,  the  talonid  and  trigonid  are  more  nearly  equal  in  width,  and  the  cristid  obliqua  terminates 
farther  buccally  on  the  postvallid  rather  than  joining  the  metaconid.  The  ectocingulid  is  more  nearly 
complete  on  M2  than  M,,  extending  continuously  from  the  protoconid  to  the  distal  aspect  of  the 
hypoconid  where  it  joins  a partial  postcingulid.  Overall,  the  features  that  differentiate  M,  from  M2  in 
T.  amplior  also  occur  in  T.  myodes. 

The  dentary  of  T.  amplior  is  extremely  deep  to  accommodate  the  hypertrophied  I,,  being  even  more 
specialized  in  this  regard  than  T.  myodes.  Beneath  the  talonid  of  M,  in  CM  40069,  the  dentary  measures 
5.80  mm  in  depth  (measured  lingually).  The  same  measurement  in  a specimen  of  T.  myodes  (CM 
13921)  is  3.90  mm. 

Discussion.— UCM  46602  (Fig.  4),  an  isolated  left  lower  premolar  tentatively 
referred  to  Trogolemur  amplior,  was  previously  identified  as  a possible  P2  of  an 
indeterminate  omomyid,  having  been  compared  with  that  tooth  in  Chlororhysis 
knightensis  (Stucky,  1982).  However,  UCM  46602  differs  considerably  from  P2 
in  C knightensis  and  other  omomyids  that  we  have  examined  {Shoshonius,  Te~ 
tonius,  Absarokius,  Arapahovius,  Teilhardina)  in  having  a strongly  developed 
distobuccal  crest  running  from  the  protoconid  to  the  talonid  heel  and  in  having 
a relatively  well-developed  talonid  with  diminutive  cuspules  in  the  hypoconid 
and  entoconid  positions.  In  these  respects,  the  tooth  compares  much  more  closely 
with  the  single-rooted  P3  in  Trogolemur  myodes  and  Anemorhysis  wortmani  (Ga- 
zin, 1958;  Szalay,  1976;  Bown  and  Rose,  1984).  Further  evidence  that  UCM 
46602  represents  a single-rooted  P3  rather  than  a P2  comes  from  the  root  of  the 
tooth,  which  is  strongly  compressed  mesiodistally,  suggesting  that  the  anterior 
dentition  and  the  dentary  as  a whole  were  greatly  foreshortened.  Crowding  of  the 
antemolar  teeth  related  to  anterior  foreshortening  of  the  lower  jaw  could  have  led 
to  the  coalescence  of  the  two  roots  normally  found  in  omomyid  P3S,  as  apparently 
occurred  in  the  anagenetic  transformation  from  Tetonius  matthewi  to  Pseudote- 
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Fig.  A.  — Trogolemur  amplior,  n.  sp.,  UCM  46602.  Isolated  left  P3.  Views  are  occlusal  (top),  buccal 
(bottom  left)  and  lingual  (bottom  right).  Scale  equals  2 mm. 


tonius  ambiguus  (Bown  and  Rose,  1987).  UCM  46602  resembles  the  P3  of  T. 
my  odes  more  than  that  of  A.  wortmani  in  having  a lower,  more  mesially  canted 
protoconid. 

Trogolemur  amplior  is  the  largest  known  species  of  Trogolemur,  and  its  molar 
morphology  seems  more  primitive  than  that  of  T.  myodes.  In  particular,  the  more 
deeply  basined  talonids  of  the  lower  molars  of  T.  amplior  approximate  the  con- 
dition found  in  earlier  and  more  primitive  trogolemurinins  such  as  Tetonoides, 
Anemorhysis,  dxid  Arapahovius  (Savage  and  Waters,  1978;  Bown  and  Rose,  1984, 
1987,  1991).  Trogolemur  amplior  further  resembles  these  genera  in  possessing 
weakly  inflated  molar  talonid  cusps  that  are  peripheral  in  position,  a cristid  obliqua 
on  Ml  that  joins  the  metaconid,  and  a fully  lingual  paraconid  and  shelf-like 
paracristid  that  result  in  a relatively  well-developed  mesial  trigonid  fovea  on  M2. 
Although  M3  is  unknown  in  T.  amplior,  that  of  T.  myodes  bears  an  additional 
similarity  to  those  of  Tetonoides  and  Arapahovius  in  that  it  is  larger  than  is  typical 
for  anaptomorphinins.  We  view  the  common  lower  molar  morphology  of  T. 
amplior,  Tetonoides,  Arapahovius,  and  Anemorhysis  as  morphotypic  for  the  tribe 
Trogolemurini,  while  the  different  lower  molar  morphology  characteristic  of  T. 
myodes  appears  to  be  autapomorphous  for  that  species. 

Some  workers  have  entertained  the  possibility  of  a close  relationship  between 
Trogolemur  and  either  Pseudotetonius  ambiguus  (Bown,  1974;  Krishtalka  and 
Schwartz,  1978)  or  its  close  relative  and  possible  descendant,  Tatmanius  szalayi 
(Bown  and  Rose,  1991).  All  of  these  taxa  share  derived  features  of  the  antemolar 
dentition,  particularly  the  loss  of  P2  and  the  presence  of  a single-rooted  P3  [here 
we  follow  the  dental  homologies  proposed  by  Gazin  (1958)  and  Bown  and  Rose 
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(1987)  for  Trogoiemur  and  Pseudotetonius,  respectively;  these  do  not  correspond 
with  the  dental  homologies  for  these  taxa  identified  by  Bown  (1974)  and  Krishtalka 
and  Schwartz  (1978)],  We  remain  unconvinced  by  arguments  that  link  Trogoiemur 
with  derived  anaptomorphinins  such  as  Pseudotetonius  and  Tatmanius  for  several 
reasons:  (1)  the  same  modifications  of  the  lower  premolar  dentition  that  typify 
Trogoiemur,  Pseudotetonius  and  Tatmanius  have  also  occurred  in  other  omo- 
myids,  particularly  Anemorhysis  (Bown  and  Rose,  1984);  (2)  the  anagenetic  nature 
of  the  transformation  from  the  primitive  lower  premolar  dentition  of  Tetonius 
matthewi  to  the  more  derived  condition  in  Pseudotetonius  ambiguus  (Rose  and 
Bown,  1984;  Bown  and  Rose,  1987).  This  implies  either  that  similarities  in  the 
lower  premolar  dentition  shared  by  Pseudotetonius  and  Trogoiemur  are  convergent 
or  that  P.  ambiguus  is  directly  ancestral  to  Trogoiemur.  However,  P.  ambiguus 
is  unlikely  to  be  directly  ancestral  to  Trogoiemur  because  P.  ambiguus  possesses 
derived  dental  features,  including  an  hypertrophied,  exodaenodont  P4  and  greatly 
reduced  upper  and  lower  third  molars  that  are  lacking  in  Trogoiemur.  These  same 
arguments  mitigate  against  a possible  relationship  between  Trogoiemur  and  Tat- 
manius,  which  is  plausibly  a more  derived  descendant  of  Pseudotetonius  (Bown 
and  Rose,  1991);  (3)  as  noted  in  the  tribal  diagnosis  above,  the  upper  and  lower 
molars  of  Trogoiemur  are  much  more  similar  to  those  of  other  trogolemurinins 
than  to  those  of  anaptomorphinins  such  as  Tetonius,  Pseudotetonius  and  TaP 
manius.  The  first  upper  molars  of  Trogoiemur  were  reported  recently  by  Emry 
(1990)  from  the  Bridgerian  Elderberry  Canyon  local  fauna  of  Nevada  and  by 
Storer  (1990)  from  the  Lac  Pelletier  lower  fauna  of  Saskatchewan  (the  upper  molars 
of  Trogoiemur  reported  by  Storer  were  attributed  by  him  to  Phenacolemur  leo- 
nardi).  These  new  specimens  reveal  that  the  upper  molars  of  Trogoiemur  are  very 
similar  to  those  of  Tetonoides  (e.g.,  YPM-PU  17357;  see  Szalay,  1976:  fig.  36) 
and  Arapahovius  (Savage  and  Waters,  1978;  Bown  and  Rose,  1991).  The  upper 
molars  of  all  of  these  taxa  have  strongly  developed  postprotocingula,  and  the 
lingual  slopes  of  their  protocones  are  reduced  in  comparison  to  those  of  Anap- 
tomorphini  (so  that  the  apex  of  the  protocone  is  situated  near  the  lingual  margin 
of  the  tooth).  In  addition,  is  very  similar  in  these  taxa  in  being  larger  than  in 
most  Anaptomorphini  and  in  having  a well-developed  postprotocrista  that  is 
continuous  with  a crest  that  runs  lingually  from  the  metacone. 

In  summary,  although  the  Wasatchian  ancestry  of  Trogoiemur  is  not  entirely 
clear  at  present,  it  appears  to  lie  broadly  among  the  other  genera  included  here 
in  the  Trogolemurini.  A close  relationship  between  Trogoiemur  and  anaptomor- 
phinins such  as  Pseudotetonius  and  Tatmanius  is  not  supported  by  the  available 
evidence. 


Trogoiemur  fragilis,  new  species 
(Fig.  5) 

Holotype.  — CM  41152  (Fig.  5),  right  dentary  fragment  preserving  M2  (broken), 
M3,  and  distal  part  of  root  of  C. 

Hypodigm.  — The  holotype  and  CM  40070,  left  dentary  fragment  preserving  M3 
and  distal  part  of  root  of  C. 

Type  locality. —CM  loc.  34,  Natrona  County,  Wyoming. 

Known  distribution.  —Eotitanops  borealis  Assemblage  Zone  (Gardnerbuttean, 
earliest  Bridgerian),  Lost  Cabin  Member,  Wind  River  Formation,  Wind  River 
Basin,  Wyoming. 


50 


Annals  of  Carnegie  Museum 


VOL.  61 


1992 


Beard  et  al.~New  Omomyid  Primates 


51 


Diagnosis.— Much  smaller  than  T.  amplior,  slightly  smaller  than  T.  myodes. 
M3  with  paraconid  less  lingual  in  position,  with  distinct  valley  separating  pro- 
toconid  and  metaconid,  and  with  narrower  talonid  basin  and  hypoconulid  lobe, 
all  in  contrast  to  T.  myodes. 

Etymology. —hdiXm  fragilis,  easily  broken,  brittle;  in  allusion  to  the  fragmentary 
nature  of  the  hypodigm. 

Description.  —The  width  of  Mj  in  CM  4 1 1 52  is  1 .40  mm;  the  length  of  this  tooth  cannot  be  measured 
due  to  breakage  of  the  mesial  and  buccal  parts  of  the  trigonid.  In  comparable  aspects  of  anatomy,  M2 
in  CM  41152  closely  resembles  this  tooth  in  T.  amplior  (CM  40069). 

M3  measures  1.95  mm  (L)  x 1.20  mm  (W)  in  both  CM  41152  and  CM  40070.  Morphologically, 
M3  of  T.  fragilis  dilfers  from  that  of  T.  myodes  in  the  features  noted  in  the  diagnosis. 

Both  known  dentaries  of  T.  fragilis  show  evidence  of  the  enlarged  root  of  I,  inferior  to  the  molar 
roots.  The  distal  part  of  the  root  of  C is  preserved  in  CM  41152,  in  which  the  structure  is  large  and 
extends  distally  at  least  as  far  as  the  trigonid  of  M3.  In  CM  40070  the  alveolus  for  C is  preserved  at 
the  level  of  the  mesial  break  on  the  dentary  (between  M2  and  M3);  distal  to  this  point  the  alveolus 
and/or  root  of  I,  is  obscured  by  matrix. 

Discussion.— Although  the  species  is  very  poorly  known,  T.  fragilis  can  be 
assigned  with  confidence  to  Trogolemur  because  of  the  enlarged  b extending 
distally  through  the  dentary  inferior  to  the  roots  of  the  lower  molars.  As  noted 
previously,  this  condition  occurs  among  omomyids  only  in  the  genus  Trogolemur. 

The  hypodigm  of  T.  fragilis  was  collected  at  CM  loc.  34,  a highly  fossiliferous 
site  that  has  yielded  several  thousand  mammalian  specimens  (Stucky,  \9Ma). 
Hence,  T.  fragilis  was  apparently  a very  rare  component  of  the  fauna,  and  the 
potential  for  recovering  significantly  more  complete  specimens  of  the  species  in 
the  near  future  is  low. 

Subfamily  Omomyinae  Trouessart,  1879 
Tribe  Washakiini  Szalay,  1976 

Hemiacodon  Marsh,  1872 

Hemiacodon  casamissus,  new  species 
(Fig.  6) 

Holotype.— CM  62035  (Fig.  6),  associated  left  and  right  dentary  fragments 
preserving  left  M2,  talonid  heel  of  left  M3,  right  Mi_2,  and  right  P3  (right  P3  not 
preserved  in  dentary  fragment);  only  known  specimen. 

Type  locality. —LqycI  “A”  (i.e.,  the  lowest  red  mudstone  and  the  underlying 
gray  mudstones;  see  Stucky  et  al.,  1990),  CM  loc.  1040,  Natrona  County,  Wyo- 
ming. 

Known  distribution.— Lambdotherium  Range  Zone  (Lostcabinian,  latest  Wa- 
satchian).  Lost  Cabin  Member,  Wind  River  Formation,  Wind  River  Basin,  Wy- 
oming. 

Diagnosis.— Smallor  than  H.  gracilis.  P3  lower-crowned,  without  entoconid, 
with  paracristid  that  curves  slightly  lingually  near  its  inferior  end,  and  with  nar- 
rower, more  obliquely  oriented  postvallid  lacking  strong  distolingual  crest,  all  in 
contrast  to  H.  gracilis.  Mi_2  with  less  crenulated  enamel  and  with  stronger  talonid 
notch  than  in  H.  gracilis. 


Fig.  5. — Trogolemur  fragilis,  n.  sp.,  holotype,  CM  41152.  Right  dentary  fragment  preserving  M2 
(broken),  M3  and  distal  part  of  root  of  I,.  Top  to  bottom;  occlusal,  buccal  and  lingual  views.  Scale 
equals  5 mm. 
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Etymology.— casa,  house,  hut,  cabin;  and  Latin  amissus,  lost;  in  allusion 
to  the  Lost  Cabin  Member  of  the  Wind  River  Formation,  provenance  of  the 
holotype. 

Description.— The  holotype  and  only  known  specimen  of  H.  casamissus  includes  four  associated 
fragments  collected  from  a single  small  rill  at  CM  loc.  1040  by  Alan  R,  Tabrum  in  July  1989. 

P3  measures  2.75  mm  (L)  x 1 .85  mm  (W),  and  is  double-rooted.  The  trigonid  is  simply  constructed, 
being  dominated  by  the  protoconid  and  lacking  both  paraconid  and  metaconid.  Mesially,  the  paracristid 
descends  the  apex  of  the  protoconid  before  curving  slightly  lingually  to  become  continuous  with  a 
mesiodistally  short  lingual  cingulid.  The  latter  structure  does  not  extend  distally  to  the  level  of  the 
postvallid.  The  postvallid  is  obliquely  oriented  with  respect  to  the  long  axis  of  the  tooth,  a distinction 
from  the  condition  in  H.  gracilis,  in  which  this  structure  is  transverse  in  orientation.  A weak  crest 
descends  the  postvallid  buccally.  The  talonid  heel  is  mesiodistally  short,  labiolingually  narrow,  and 
simple  in  morphology,  bearing  only  a buccally  situated  cuspule  in  the  hypoconid  position.  A weak 
postcingulid  runs  lingually  from  this  talonid  cuspule  before  partly  ascending  the  lingual  aspect  of  the 
postvallid. 

M,  measures  2.90  mm  (L)  x 2.35  mm  (W),  The  tooth  is  heavily  worn,  obscuring  most  details  of 
crown  morphology.  However,  it  is  clear  that  M,  in  H.  casamissus  possessed  the  same  distinctive 
proportions  and  occlusal  outline  typical  of  H.  gracilis:  the  talonid  is  much  wider  in  relation  to  the 
trigonid  than  in  other  omomyids  due  to  the  very  buccal  position  of  the  hypoconid.  Buccal  to  the  Mi 
protoconid  lies  the  remnant  of  a strong  ectocingulid,  as  also  occurs  in  H.  gracilis.  In  contrast  to  the 
condition  in  the  latter  species,  a well-developed  talonid  notch  separates  the  entoconid  from  the 
postvallid  in  H.  casamissus.  Weakly  incipient  metastylid  cuspules  occur  on  the  postvallids  of  M,_2  in 
CM  62035.  The  molar  enamel  is  less  crenulated  in  H.  casamissus  than  is  typical  in  H.  gracilis.  This 
is  most  evident  on  the  relatively  unworn  lingual  parts  of  the  postvallids  of  M,_2  in  CM  62035. 

M2  measures  3.20  mm  (L)  x 2,60  mm  (W)  (these  measurements  were  taken  from  the  slightly  more 
complete  right  Mj).  Like  that  of  M,,  the  crown  of  M2  is  heavily  worn  in  CM  62035.  Nevertheless,  a 
few  details  of  the  crown  morphology  can  be  determined.  In  particular,  the  paraconid  is  situated  farther 
buccally  on  M2  than  on  M,,  as  is  the  case  in  H.  gracilis.  Otherwise,  M2  is  similar  to  M,  in  showing 
the  well-developed  talonid  notch,  the  weakly  incipient  metastylid  (more  apparent  on  the  left  M2  than 
on  the  right  M2  in  CM  62035),  and  the  very  wide  talonid  and  strong  ectocingulid  characteristic  of 
Hemiacodon. 

M3  is  represented  in  CM  62035  only  by  a worn  fragment  of  the  left  talonid,  from  which  nothing  of 
significance  can  be  ascertained. 

Discussion.— As  noted  by  Gazin  (1958,  1976)  and  Szalay  (1976),  all  of  the 
comparatively  abundant  fossils  of  Hemiacodon  gracilis  from  the  Bridger  Basin  of 
southwestern  Wyoming  for  which  stratigraphic  provenance  data  are  available  were 
collected  from  rocks  above  the  Sage  Creek  white  layer  (i.e.,  they  come  from  the 
Twinbuttean  ^ Bridger  C and  D;  Krishtalka  et  al.,  1987).  Younger  records  of 
Hemiacodon  have  been  reported  by  Lillegraven  (1980)  from  the  early  Uintan 
Mission  Valley  Formation  of  San  Diego  County,  California,  and  by  Eaton  (1985) 
from  the  early  Uintan  Wiggins  Formation,  Hot  Springs  County,  Wyoming.  Hemi- 
acodon casamissus  is  therefore  the  geologically  earliest  record  of  the  genus  Hemi- 
acodon, extending  its  known  stratigraphic  range  from  the  late  Bridgerian  to  the 
late  Wasatchian, 

There  has  been  little  consensus  on  the  phylogenetic  position  of  Hemiacodon 
with  respect  to  other  omomyids.  Gazin  (1958)  made  extensive  comparisons  be- 
tween Hemiacodon  and  Omomys,  regarding  the  former  as  an  “omomyid”  (es- 
sentially equivalent  to  the  subfamily  Omomyinae  of  many  later  authors;  see 
Szalay,  1976).  Gazin  (1958)  concluded  that  Hemiacodon  was  most  closely  related 
to  Utahia  and  Ourayia  among  taxa  known  at  that  time. 


Fig.  6.— Hemiacodon  casamissus,  n.  sp.,  holotype,  CM  62035.  Right  dentary  fragment  preserving 
M|_2  and  associated  right  P3.  Top  to  bottom:  occlusal,  buccal  and  lingual  views.  Scale  equals  5 mm. 
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For  a number  of  years,  work  on  the  Uintan  primate  fauna  of  the  Uinta  Basin 
of  Utah  supported  Gazin’s  (1958)  suggestion  of  a close  relationship  between 
Hemiacodon  and  Ourayia.  For  example,  Simons  (196 1)  described  additional  omo- 
myid  material  from  the  Uinta  Basin  which  led  him  to  state  that  . I suspect 
that  the  genus  [Ourayia]  may  have  been  derived  directly  from  Hemiacodon  . . 
(Simons,  1961:5).  Robinson  (1968)  later  proposed  the  new  species  Hemiacodon 
jepseni  on  the  basis  of  YPM-PU  1 643 1 , a specimen  previously  referred  by  Simons 
(196 1)  to  Ourayia  uintensis.  Szalay  (1976)  synonymized  Hemiacodon  jepseni  with 
Ourayia  uintensis,  but  was  the  first  person  to  argue  against  a close  relationship 
between  Hemiacodon  and  Ourayia.  Krishtalka  (1978)  recognized  the  morpho- 
logical distinctions  between  Robinson’s  (1968)  '"Hemiacodon""  jepseni  and  Ou- 
rayia uintensis,  and  referred  the  former  species  to  Macrotarsius,  a classification 
that  is  supported  here.  Despite  the  confusing  taxonomic  history  of  Uinta  Basin 
omomyid  specimens  (particularly  YPM-PU  16431)  that  have  been  assigned  to 
the  genera  Ourayia,  Hemiacodon,  and  Macrotarsius  by  different  workers,  there  is 
little  support  for  a close  relationship  between  Hemiacodon  and  either  Ourayia  or 
Macrotarsius  at  present. 

There  are  three  current  hypotheses  regarding  the  phylogenetic  position  of  Hemi- 
acodon. The  first  of  these,  and  the  one  that  we  support,  is  that  Hemiacodon  is  a 
uniquely  specialized  washakiin  omomyid.  Szalay  (1976)  noted  many  features  that 
were  shared  between  Hemiacodon  and  washakiins  such  as  Loveina,  and  included 
the  genus  in  his  tribe  Washakiini  as  a result.  A similar  conclusion  was  reached 
by  Krishtalka  and  Schwartz  (1978),  who  suggested  that  Hemiacodon  is  the  sister 
group  of  a clade  consisting  of  Shoshonius,  Washakius,  and  Dyseolemur  (see  Krish- 
talka and  Schwartz,  1978:  fig.  6). 

A second  hypothesis,  advanced  by  Honey  (1990),  holds  that  Hemiacodon  shows 
merely  convergent  similarities  to  washakiin  omomyids,  and  that  it  therefore  bears 
no  particularly  close  relationship  to  them.  Rather,  Honey  (1990)  suggested  that 
Hemiacodon  is  the  sister  group  to  the  tribe  Omomyini.  Honey’s  concept  of  Omo- 
myini  includes  the  genera  Omomys,  Chumashius,  Ourayia,  and  Macrotarsius,  but 
excludes  Steinius,  a genus  that  we  would  also  classify  as  a primitive  omomyinin. 
If  valid,  Mytonius  can  also  be  referred  to  the  Omomyini. 

A third  possibility,  which  will  not  be  evaluated  here  because  we  know  of  no 
morphological  basis  for  it,  is  that  Hemiacodon  is  the  sister  group  of  a clade 
consisting  of  the  microchoerine  genera  Necrolemur  and  Microchoerus  (Schwartz, 
1986). 

Honey’s  (1990)  proposal  that  Hemiacodon  may  be  the  sister  group  of  the  Omo- 
myini is  based  primarily  on  the  omomyinin-like  premolar  construction  found  in 
H.  gracilis.  Specifically,  he  noted  that  P3_4  in  H.  gracilis  are  longer  and  narrower 
than  in  washakiins,  and  that,  as  in  omomyinins,  the  protoconid  of  P3  is  taller 
than  that  of  P4  in  H.  gracilis.  P4  is  not  yet  known  for  H.  casamissus,  but  the  P3 
of  this  species  differs  greatly  from  that  of  H.  gracilis  in  ways  that  closely  approx- 
imate the  condition  found  in  washakiins.  In  particular,  P3  of  H.  casamissus  is 
lower-crowned  than  that  of  H.  gracilis,  and  it  seems  likely  that  it  would  not  have 
been  taller  than  P4.  Further,  the  trigonid  of  P3  in  H.  casamissus  is  mesiodistally 
shorter  than  that  of  H.  gracilis,  and  it  bears  a paracristid  that  curves  somewhat 
lingually  near  its  inferior  end,  in  contrast  to  the  mesiodistally  straight  paracristid 
found  in  H.  gracilis.  In  all  of  these  aspects  of  P3  anatomy,  H.  casamissus  closely 
resembles  washakiins  such  as  Loveina  and  Washakius.  In  sum,  the  anatomy  of 
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P3  in  H.  casamissus  strongly  suggests  that  this  tooth  in  H.  gracilis  is  autapomor- 
phous  and  that  the  resemblances  in  lower  premolar  morphology  between  the  latter 
species  and  omomyinins  noted  by  Honey  (1990)  are  convergent. 

Honey  (1990)  also  pointed  out  that  I;  in  H.  gracilis  is  enlarged  compared  to  I2 
(see  also  Gazin,  1958;  Szalay,  1976),  as  is  the  case  in  most  omomyinins  but 
contrary  to  the  condition  in  washakiins.  However,  Ii  is  not  enlarged  in  relation 
to  I2  in  the  undoubted  omomyinin  Chumashius  balchi  (Szalay,  1976),  and  the 
anterior  teeth  of  Ourayia  remain  unknown.  Hypertrophy  of  Ii  probably  occurred 
independently  in  H.  gracilis  and  in  some  omomyinins  (Honey,  1990).  Observa- 
tions made  by  Gazin  (1958:54)  also  support  this  view,  as  he  noted  that  the 
difference  in  size  between  Ij  and  I2  is  less  in  H.  gracilis  than  in  Omomys.  Hence, 
the  hypertrophy  of  Ii  in  H.  gracilis  is  most  likely  autapomorphous.  The  relative 
size  of  these  teeth  is  unknown  in  H.  casamissus. 

In  contrast  to  the  strong  likelihood  that  the  dental  traits  shared  by  H.  gracilis 
and  most  omomyinins  are  the  result  of  convergence,  a number  of  features  shared 
by  Hemiacodon  and  certain  washakiins  appear  to  be  valid  synapomorphies,  in- 
dicative of  common  ancestry.  Honey  (1990)  has  contributed  the  most  exhaustive 
analysis  of  the  evolution  of  the  Washakiini  achieved  to  date,  and  we  accept  almost 
all  of  his  phylogenetic  conclusions.  In  particular.  Honey  provided  strong  evidence 
that  the  evolution  of  well-developed  metastylids  and  talonid  notches  on  the  lower 
molars  occurred  independently  in  the  washakiin  genus  Shoshonius  on  the  one 
hand  and  in  a clade  comprising  the  genera  Utahia,  Stockia,  Washakius,  and 
Dyseolemur  on  the  other.  Hemiacodon  casamissus  possesses  strong  talonid  notch- 
es but  only  incipiently  developed  metastylids  on  its  lower  molars.  These  traits 
suggest  that  H.  casamissus  bears  a close  relationship  with  the  Utahia  + Stockia 
+ Washakius  + Dyseolemur  clade,  because  in  Shoshonius  the  development  of 
strong  metastylids  apparently  preceded  the  development  of  talonid  notches  on 
the  lower  molars  (Honey,  1990).  We  suggest  that  the  phylogenetic  position  of 
Hemiacodon  lies  nested  within  the  former  clade  because  a number  of  dental  traits 
imply  that  Hemiacodon  is  the  sister  group  of  the  clade  comprising  Washakius 
and  Dyseolemur.  These  dental  synapomorphies  include:  (1)  strong,  bulbous  con- 
ules  on  (2)  incipient  metastylids  on  Mi_2;  (3)  paraconid  of  M2_3  more  buccal 
in  position  than  in  other  washakiins;  (4)  upper  molar  cusps  (especially  protocone) 
peripheral  in  position,  yielding  a relatively  large  trigon  basin.  In  this  context  it 
should  be  emphasized  that  the  upper  dentition  is  not  yet  known  in  H.  casamissus, 
and  that  the  incipient  metastylids  observed  on  the  known  lower  molars  of  H. 
casamissus  are  not  found  in  H.  gracilis.  Nevertheless,  the  morphology  of  the  upper 
molar  dentition  of  H.  gracilis  and  the  morphology  of  the  lower  molar  dentition 
of  H.  casamissus  suggest  that  Hemiacodon  is  an  aberrantly  specialized  washakiin, 
sharing  its  most  recent  common  ancestry  with  the  Washakius  + Dyseolemur 
clade. 

Tribe  Uintaniini  Szalay,  1976 
Uintanius  Matthew,  1915 

Uintanius  rutherfurdi  (Robinson,  1966),  new  combination 

(Fig.  7) 

Huerfanius  rutherfurdi:  Robinson,  1966:35. 

Uintanius  ameghini:  Szalay,  1976:336;  Szalay  and  Delson,  1979:248  (part). 

Uintanius  rutherfordi:  Gingerich,  1981:358,  incorrect  subsequent  spelling. 
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Fig.  1 .—  Uintanius  rutherfurdi,  n.  comb.,  UCM  44858.  Left  dentary  fragment  preserving  alveoli  for 
Ci-Pj  and  crowns  of  P3_4.  Views  are  buccal  (top)  and  lingual  (bottom).  Scale  equals  10  mm. 


Referred  material— \] CM  44858,  left  dentary  fragment  preserving  alveoli  for 
C1-P2  and  crowns  of  P3^  (Fig.  7). 

Locality.— UCM  loc.  80061;  Eotitanops  borealis  Assemblage  Zone  (Gardner- 
buttean,  earliest  Bridgerian),  Lost  Cabin  Member,  Wind  River  Formation,  Wind 
River  Basin,  Wyoming. 

Discussion.  — UCM  44858  provides  both  the  oldest  known  record  of  Uintanius 
in  Wyoming  and  the  first  record  of  the  species  U.  rutherfurdi  in  the  state.  It 
demonstrates  that  uintaniinins  had  appeared  in  Wyoming  by  at  least  Gardner- 
buttean  time,  contrary  to  the  statement  by  Beard  (1987:465)  that  ‘‘Uintaniinins 
do  not  appear  in  the  extensively  documented  Eocene  fossil  record  of  Wyoming 
until  well  into  Bridgerian  time.  . . .”  Otherwise,  U.  rutherfurdi  is  known  only  from 
rocks  of  roughly  equivalent  age  in  the  Huerfano  Formation  of  southern  Colorado 
(Robinson,  1966). 

Uintanius  rutherfurdi  was  originally  classified  as  a distinct  genus,  ''Huerfaniusf 
on  the  basis  of  purported  differences  in  the  premolar  dentition  (Robinson,  1966). 
In  his  diagnosis  oU'Huerfaniusf  Robinson  (1966)  cited  the  Absarokius -like  mor- 
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phology  of  the  lower  premolars  as  the  major  distinction  between  ""Huerfanius'' 
and  Uintanius.  Expanded  samples  of  both  U.  ameghini  and  U.  rutherfurdi  recov- 
ered since  1966  reveal  that  the  differences  in  premolar  morphology  between  these 
two  species  are  very  minor,  warranting  specific  rather  than  generic  separation 
(also  see  Szalay,  1976).  However,  Szalay’s  (1976)  suggestion  that  these  differences 
are  actually  the  result  of  comparing  deciduous  and  permanent  premolars  of  the 
same  species  can  no  longer  be  sustained  (Down  and  Rose,  1984).  The  paraconid 
of  P4  in  U.  rutherfurdi  is  weaker  and  slightly  more  inferior  and  lingual  in  position 
than  that  in  U.  ameghini.  In  the  latter  species  the  paraconid  forms  a pillar-like 
structure  that  is  situated  directly  mesial  to  the  protoconid,  and  very  near  the  apex 
of  that  cusp.  UCM  44858  is  indistinguishable  from  the  known  specimens  of  U. 
rutherfurdi  (i.e.,  AMNH  55216,  UCM  26533)  from  the  Huerfano  Formation  in 
these  aspects  of  lower  premolar  morphology. 

Discussion 

The  phylogenetic  implications  of  the  new  omomyid  species  described  in  this 
paper  have  already  been  assessed.  Here,  we  discuss  the  possible  significance  of 
this  new  material  for  understanding  the  distinct  taxonomic  reorganization  of  the 
omomyid  primate  fauna  that  took  place  across  the  Wasatchian-Bridgerian  bound- 
ary in  North  America.  Our  discussion  focuses  on  the  Wasatchian  and  Bridgerian 
record  of  omomyid  evolution  in  Wyoming,  for  two  main  reasons:  (1)  the  fossil 
record  for  this  time  interval  is  generally  more  complete  in  Wyoming  than  else- 
where in  North  America,  although  important,  partly  contemporaneous  mam- 
malian assemblages  containing  omomyids  also  occur  in  other  western  states  (i.e., 
Colorado,  Utah,  Nevada,  and  New  Mexico;  see  Gazin,  1958;  Robinson,  1966; 
Szalay,  1976;  Beard,  1987;  Honey,  1990;  Emry,  1990);  (2)  to  minimize  confound- 
ing factors  related  to  paleobiogeography,  it  is  necessary  to  concentrate  on  the 
pattern  of  temporal  change  in  omomyid  taxonomic  composition  in  a limited 
geographic  area. 

In  general,  Wasatchian  omomyid  faunas  of  western  North  America  are  dom- 
inated by  anaptomorphines,  while  omomyines  form  the  major  component  of 
omomyid  faunas  of  Bridgerian  and  younger  age  (e.g.,  Szalay,  1976;  Bown,  1979/?). 
With  one  exception,  this  generalization  holds  with  respect  to  both  individual 
abundance  and  species  richness  in  Wyoming.  This  exception  is  the  Bridgerian 
omomyid  fauna  from  the  Aycross  Formation  in  the  northwestern  part  of  the  state 
(Bown,  1979/?,  1982;  Honey,  1990),  which  is  numerically  dominated  by  anap- 
tomorphines (there  is  no  consensus  at  present  regarding  the  number  of  valid 
anaptomorphine  species  represented  in  the  Aycross  sample;  see  Bown,  1979/?, 
1982;  Gingerich,  1981;  Szalay,  1982;  Bown  and  Rose,  1987).  This  interesting 
exception  will  be  discussed  further  below. 

The  stratigraphic  distributions  of  omomyid  genera  known  from  middle  Wa- 
satchian (Lysitean)  through  Bridgerian  rocks  in  Wyoming  are  provided  in  Table 
1;  biostratigraphic  subdivisions  follow  Krishtalka  et  al.  (1987).  The  data  support 
the  generalizations  noted  above  concerning  omomyid  taxonomic  composition 
through  time:  the  only  anaptomorphines  known  from  post-Wasatchian  rocks  are 
Absarokius  and  Anemorhysis  (which  apparently  become  extinct  during  Gardner- 
buttean  or  earliest  Bridgerian  time),  the  rare  genera  Anaptomorphus  and  Trogo- 
lemur,  and  Aycross  taxa  Strigorhysis,  Aycrossia,  and  Gazinius.  According  to  Gin- 
gerich (1981)  and  Szalay  (1982),  who  variously  synonymized  the  Aycross  genera 
Strigorhysis,  Aycrossia,  and  Gazinius  with  Absarokius  and  Anaptomorphus,  even 
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this  relatively  low  diversity  of  post-Wasatchian  anaptomorphines  is  exaggerated. 
Conversely,  the  only  omomyines  known  from  Wasatchian  rocks  in  Wyoming  are 
the  primitive  omomyinin  Steinius  (known  from  late  Graybullian  and  Lysitean 
rocks  of  the  Bighorn  Basin;  Bown  and  Rose,  1984,  1987,  1991;  Rose  and  Bown, 
1991),  the  primitive  washakiin  Loveina  (known  from  Lysitean  and  Lostcabinian 
rocks  of  the  Wind  River  Basin  and  elsewhere;  Bown  and  Rose,  1984;  Stucky, 
1984c),  and  the  more  derived  washakiins  Shoshonius  and  Hemiacodon  (both  of 
which  first  appear  in  Lostcabinian  rocks  of  the  Wind  River  Basin). 

The  upper  part  of  the  Wind  River  Formation  provides  a nearly  continuous 
record  of  mammalian  evolution  across  the  Wasatchian-Bridgerian  boundary 
(Stucky  1984a,  \9Mb,  1984c;  Krishtalka  et  al,  1987).  It  therefore  comes  as  no 
great  surprise  that  the  Wind  River  record  reveals  that  the  change  in  omomyid 
taxonomic  composition  across  this  boundary  was  more  gradual  than  it  would 
otherwise  appear.  In  particular,  the  Wind  River  record  reveals  that  omomyines 
were  more  diverse  in  Wyoming  during  the  middle  and  late  Wasatchian  and  the 
earliest  Bridgerian  than  the  record  from  elsewhere  in  the  state  would  suggest  (Table 
1),  For  example,  Loveina  is  known  from  both  Lysitean  and  Lostcabinian  rocks 
in  the  Wind  River  Basin,  but  only  from  Lostcabinian  rocks  elsewhere  in  Wyoming, 
Shoshonius  and  Hemiacodon  are  both  represented  in  Lostcabinian  rocks  of  the 


Table  Stratigraphic  distributions  of  omomyid  genera  known  from  middle  Wasatchian  through 
Bridgerian  rocks  in  Wyoming.  Abbreviations:  LY,  Lysitean;  LO,  Lostcabinian;  GA,  Gardnerbuttean; 
BL,  Blacksforkian;  TW,  Twinbuttean.  Letters  represent  the  following  sources,  on  which  this  compilation 
is  based:  (A)  Szalay,  1976;  (B)  Gazin,  1976;  (C)  Savage  and  Waters,  1978;  (D)  Bown,  1979h;  (E) 
Stucky,  1984a;  (F)  Stucky,  1984c;  (G)  Bown  and  Rose,  1984;  (H)  Bown  and  Rose,  1987;  (I)  Honey, 
1990;  (J)  this  paper.  References  are  not  meant  to  be  exhaustive. 
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Wind  River  Formation,  but  are  restricted  to  Blacksforkian  and  Twinbuttean  rocks, 
respectively,  elsewhere  in  the  state.  Washakius  and  Uintanius  first  appear  in  the 
Wind  River  Basin  during  Gardnerbuttean  time,  but  these  genera  are  restricted  to 
later  Bridgerian  rocks  elsewhere  in  Wyoming.  The  highly  derived  anaptomorphine 
Trogolemur,  otherwise  restricted  to  Blacksforkian  and  Twinbuttean  time,  also 
first  appears  during  the  Gardnerbuttean  in  the  Wind  River  Basin.  In  addition  to 
these  earlier  records  of  omomyid  genera  otherwise  known  only  from  later  in 
Bridgerian  time  in  Wyoming,  there  is  evidence  in  the  Wind  River  Formation  of 
the  persistence  into  the  earliest  Bridgerian  of  Anemorhysis,  a genus  otherwise 
restricted  to  the  Wasatchian. 

In  summary,  the  later  Wasatchian  and  earliest  Bridgerian  fossil  record  of  the 
Wind  River  Basin  seems  to  document  a gradual  shift  in  taxonomic  composition 
from  omomyid  faunas  of  '‘Wasatchian  aspect”  (dominated  by  anaptomorphines) 
to  omomyid  faunas  of  “Bridgerian  aspect”  (dominated  by  omomyines).  The  Gard- 
nerbuttean appears  to  have  been  an  especially  pivotal  interval  for  turnover  in 
omomyid  faunal  composition,  as  it  was  distinguished  by  the  coexistence  of  typ- 
ically Wasatchian  taxa,  such  as  Anemorhysis  and  Absarokius,  and  common  Brid- 
gerian forms,  such  as  Washakius,  Uintanius,  and  Trogolemur.  Other  components 
of  the  Gardnerbuttean  mammalian  fauna  also  show  this  coexistence  of  charac- 
teristically Wasatchian  and  Bridgerian  forms  (Stucky,  1984c).  The  Wasatchian- 
Bridgerian  faunal  turnover  had  a considerable  impact  on  the  later  evolution  of 
omomyids  in  North  America,  as  anaptomorphines  are  essentially  unknown  from 
post-Bridgerian  faunas  on  the  continent,  while  omomyines  continued  to  diversify 
there.  Only  the  rare  and  dentally  specialized  anaptomorphine  genus  Trogolemur 
appears  to  have  survived  in  North  America  beyond  Bridgerian  time  (Robinson, 
1968;  Szalay,  1976;  Krishtalka,  1978;  Storer,  1990). 

What  factors  could  have  caused  the  taxonomic  restructuring  of  the  omomyid 
primate  fauna  that  took  place  across  the  Wasatchian-Bridgerian  boundary  in 
Wyoming?  The  available  data  do  not  provide  a definitive  answer  to  this  question, 
but  one  factor,  climatic  warming,  may  be  cited  as  a potential  candidate.  The  late 
Wasatchian  and  early  Bridgerian  were  characterized  by  the  warmest  climatic 
conditions  known  for  the  entire  Cenozoic  (Savin,  1977;  Wolfe,  1978,  1986).  It 
would  not  be  surprising  if  this  peak  in  tropicality  affected  the  geographic  distri- 
butions of  plant  and  animal  taxa.  For  example,  Wing  (1987:754)  noted  that 
“During  the  Wasatchian  and  Bridgerian  there  appears  to  have  been  a major 
poleward  expansion  of  subtropical  and  paratropical  forest  types  in  response  to 
[this]  global  climatic  warming.  . . .”  Likewise,  Beard  (1987,  1988)  suggested  that 
several  mammalian  clades,  including  the  primate  taxa  Smilodectes  and  Uintaniini, 
may  have  expanded  their  ranges  poleward  during  this  interval  in  association  with 
the  contemporaneous  climatic  and  floral  changes.  Similarly,  climatic  warming 
may  have  contributed  to  the  gradual  replacement  of  a more  northern  omomyid 
fauna  (dominated  by  anaptomorphines)  by  a more  southern  omomyid  fauna 
(dominated  by  omomyines)  beginning  in  the  Lostcabinian. 

This  hypothesis  has  already  been  suggested  in  the  case  of  the  omomyine  tribe 
Uintaniini,  which  first  appears  in  rocks  of  late  Graybullian  or  Lysitean  age  in  the 
San  Jose  Formation,  San  Juan  Basin,  New  Mexico,  well  before  its  first  appearance 
in  Wyoming  during  Gardnerbuttean  time  (Beard,  1987;  also  see  above).  The  only 
other  omomyid  currently  known  from  the  San  Jose  Formation  was  listed  as  an 
indeterminate  genus  and  species  by  Beard  (1987),  although  the  likelihood  that  it 
actually  represented  a second  omomyine  species  was  recognized  at  that  time 
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(Beard,  1987:464).  Further  examination  and  comparisons  of  the  most  complete 
of  these  specimens  (UALP  11231;  see  Beard,  1987:  fig.  2f)  suggest  that  it  probably 
represents  the  washakiin  genus  Loveina,  and  it  is  here  referred  to  Loveina  sp.,  cf. 
L.  minuta.  If  this  allocation  is  correct,  UALP  11231  represents  one  of  the  earliest 
occurrences  of  the  omomyine  tribe  Washakiini  (along  with  the  holotype  and  only 
known  specimen  of  Loveina  minuta,  ACM  3365,  from  the  Lysite  Member  of  the 
Wind  River  Formation).  Anaptomorphines  have  yet  to  be  reported  from  the  San 
Jose  Formation.  Thus,  the  available  (though  meager)  evidence  suggests  that  the 
San  Jose  omomyid  fauna  was  dominated  by  omomyines  at  a time  (middle  Wa- 
satchian)  when  omomyid  faunas  in  Wyoming  were  dominated  by  anaptomor- 
phines. A much  richer  omomyid  record  from  the  San  Jose  Formation  and  other 
southern  rock  units  is  required  to  test  this  hypothesis. 

Further  evidence  that  offers  circumstantial  support  for  a climatic  role  in  the 
restructuring  of  omomyid  taxonomic  composition  across  the  Wasatchian-Brid- 
gerian  boundary  comes  from  the  Bridgerian  omomyid  fauna  of  the  Aycross  For- 
mation, Absaroka  Range,  northwestern  Wyoming  (Bown,  1919b,  1982;  Honey, 
1990).  The  omomyids  here  are  predominantly  anaptomorphines.  As  many  as  four 
genera  and  five  species  of  anaptomorphines  are  known  from  the  Aycross  For- 
mation (Bown,  1919b,  1982),  while  only  two  omomyine  species  are  currently 
recorded  from  these  rocks  (Bown,  1982;  Honey,  1990).  Thus,  the  omomyid  fauna 
from  the  Aycross  Formation  is  unusual  in  exactly  the  opposite  way  that  the 
omomyid  fauna  from  the  San  Jose  Formation  appears  to  be:  it  was  dominated 
by  anaptomorphines  at  a time  (Blacksforkian)  when  other  known  omomyid  faunas 
were  dominated  by  omomyines.  All  of  the  latter  faunas  are  derived  from  rocks 
that  were  deposited  in  early  Tertiary  basins,  and  they  may  therefore  represent  a 
more  lowland  community  than  does  the  Aycross  fauna,  which  is  derived  from 
volcaniclastic  rocks  of  the  Absaroka  volcanic  province  (Bown,  1 919b,  1982;  Black, 
1967). 

The  otherwise  anomalous  omomyid  faunas  from  the  San  Jose  and  Aycross 
formations  are  both  consistent  with  the  hypothesis  that  climatic  warming  con- 
tributed to  the  turnover  in  omomyid  faunal  composition  across  the  Wasatchian- 
Bridgerian  boundary  in  Wyoming.  Under  this  hypothesis,  the  omomyids  known 
from  the  San  Jose  Formation  can  be  viewed  as  being  representative  of  the  omo- 
myid fauna  of  the  southern  part  of  western  North  America  during  Wasatchian 
time.  This  poorly  sampled  southern  Wasatchian  omomyid  fauna  was  dominated 
by  omomyines  at  the  same  time  that  the  much  better  sampled  northern  omomyid 
fauna  was  dominated  by  anaptomorphines.  Poleward  expansion  of  the  range  of 
the  more  southerly,  omomyine-dominated  fauna,  associated  with  global  climatic 
warming  and  poleward  range  expansion  of  certain  plant  taxa  during  the  late 
Wasatchian  and  early  Bridgerian,  would  therefore  have  resulted  in  the  Wasatch- 
ian-Bridgerian  turnover  in  omomyid  faunal  composition  that  is  observed  in  the 
northern  part  of  the  western  United  States  (i.e.,  Wyoming).  Conversely,  the  an- 
aptomorphine-dominated  omomyid  fauna  of  the  Aycross  Formation  may  reflect 
the  existence,  during  early  Bridgerian  time,  of  an  upland  refugium  for  the  more 
northerly,  anaptomorphine-dominated  fauna,  which  by  this  time  had  largely  been 
replaced  in  the  intermontane  basins  of  Wyoming  (Bown,  1919b;  Black,  1967). 
Judging  from  the  overwhelming  predominance  of  omomyines  in  post-Bridgerian 
faunas  throughout  North  America,  the  Anaptomorphinae  never  recovered  from 
the  restructuring  of  the  omomyid  fauna  that  took  place  across  the  Wasatchian- 
Bridgerian  boundary,  regardless  of  what  its  ultimate  causes  may  have  been. 
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ELUDOCORIS,  A NEW  GENUS  OF  PENTATOMIDAE 
(INSECTA:  HETEROPTERA)  FROM  COSTA  RICA 
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Abstract 

A new  genus  and  species,  Eludocoris  grandis,  is  described  from  five  specimens  with  a provenance 
of  Guanacaste,  Costa  Rica,  Central  America.  The  new  genus  belongs  in  the  nominate  tribe  and 
subfamily  of  the  Pentatomidae.  It  may  be  related  to  one  of  the  genera  near  Loxa  Amyot  and  Serville 
and  allies  such  as  Fecelia  StSl. 


Introduction 

In  the  course  of  examining  the  pentatomid  material  in  the  collection  of  the 
Instituto  Nacional  de  Biodiversidad  (INBio),  Heredia,  Costa  Rica,  I discovered 
a series  of  specimens  from  Guanacaste  Province  representing  an  undescribed  genus 
and  species.  The  genus  is  assignable  to  the  subfamily  Pentatominae,  tribe  Pen- 
tatomini  {sensu  Rolston  and  McDonald,  1979),  and  is  notable  for  its  large  size 
and  prominent  markings.  It  is  also  remarkable  that  such  a large  and  distinctly 
marked  insect  could  have  eluded  the  attention  of  specialists  and  collectors  for  so 
long.  The  genus  appears  to  be  related  to  a group  of  genera  allied  to  Loxa  Amyot 
and  Serville,  which  is  characterized  by  a spinous  femoral  apex.  The  produced, 
bidentate  form  of  the  humeri  is  reminiscent  of  a Haitian  species  of  Fecelia  Stai. 

Eludocoris,  new  genus 
(Fig.  U3) 

Type  species.— Eludocoris  grandis,  n.  sp. 

Diagnosis.— length  21  mm,  with  produced,  bidentate  humeri  (Fig.  1). 
Metasternum  flat,  not  elevated;  mesostemum  with  low  obtuse  carina  on  midline. 
Metathoracic  scent  gland  opening  with  an  elongate,  sinuate  ruga  extending  Yg 
distance  to  metapleural  margin.  Base  of  abdominal  venter  unarmed.  Tylus  and 
juga  subequal  in  length.  Rostrum  attaining  base  of  abdomen.  Apex  of  femur 
terminating  in  acute  spine,  anteapical  surface  unarmed.  Anterolateral  pronotal 
margin  dentate.  Tarsi  3 -segmented.  Pair  of  trichobothria  on  each  side  of  abdom- 
inal stemites  III-VII  posterior  to  and  in  line  with  spiracles. 

Etymology.  — The  genus  name  relates  to  this  bug’s  having  escaped  the  attention 
of  collectors  for  so  long;  eludo  (Latin)  = escape,  avoid  or  elude;  coris  (latinized 
from  Greek  koris)  ^ bug. 

Eludocoris  grandis,  new  species 
(Fig.  1-3) 

Description.— LdiVgQ,  ovate,  length  21  mm,  width  across  humeri  16  mm.  Yel- 
lowish-green with  black  markings  on  head,  pronotum,  scutellum  and  connexivum. 


' USDA-ARS  Subtropical  Agriculture  Research  Laboratory,  Weslaco,  TX  78596. 
Submitted  1 August  1991. 
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Fig,  \.-~Eludocoris  grandis  Thomas,  n.  gen.,  n.  sp. 


Head,  Eyes  subpedunculate.  Anteocular  angle  rounded;  outer  jugal  margins 
parallel  almost  to  apex,  apices  subrectangular,  slightly  surpassing  tylus.  Ocelli 
large,  width  of  each  about  one-fourth  interocellar  distance.  Dorsum  of  head  yel- 
low-green with  a black,  squarish  spot  at  middle  of  vertex;  irregular  black  mark 
at  inner  margin  of  each  eye  extending  basad  and  to  surround  ocellus,  at  apex  of 
juga  and  at  base  of  inner  margin  of  tylus.  Bucculae  prominent,  posteriorly  arcuately 
truncate.  Rostrum  attains  base  of  abdomen.  First  antennal  segment  slightly  sur- 
passes apex  of  juga;  segments  black  with  a short,  dorsal,  yellow  stripe  basally. 

Thorax.  Humeri  and  base  of  pronotum  black  with  four  blotches  encroaching 
on  disc.  Black  spot  present  at  cervical  margin  on  each  side  of  middle.  Anterolateral 
margin  strongly,  irregularly  dentate.  Humeri  strongly  produced,  anterior  margin 


1992 


Thomas— New  Pent  atomic  Genus 


65 


Ven.M.  Inf.R. 


Fig.  2-?>.—Eludocoris  grandisgtmidlm.  2.  Male  genital  capsule:  Ven.M.,  ventral  margin;  Inf.R.,  inferior 
ridge;  Pm,  paramere;  Proc.,  proctiger;  Sup.R.,  superior  ridge.  3.  Female  terminalia:  Gel,  first  gono- 
coxite;  Pt8,  eighth  paratergite. 

carinate,  curving  anterolaterally  and  terminating  acutely;  posterior  margin  bearing 
large  subapical  tubercle.  Scutellum  yellow-green  with  a cordate  black  spot  at  apex. 
Hemelytral  corium  immaculate  yellow-green,  produced  apically  beyond  lateral 
conjunction  with  membrane,  apex  broadly  obtuse;  membrane  clear,  transparent. 
Femora  yellow  with  black  subapical  annulus.  Tibiae  yellow  medially,  black  basally 
and  apically. 

Abdomen.  Venter  yellow;  spiracles  large,  located  far  from  margin.  Connexivum 
yellow  with  a black  stripe  on  posterior  margin  of  each  laterotergite,  apices  with 
black  spots. 

Genitalia.  Male:  Ventral  rim  of  pygophore  biarcuate  with  a deep,  narrow,  mesial 
emargination  (Fig.  2);  superior  ridge  carinate,  simple;  inferior  ridge  ental,  sepa- 
rated from  ventral  rim  and  bearing  a pair  of  acute  teeth.  Paramere  small  with 
slender  stem,  bent  and  feebly  expanded  apically.  Female:  gonocoxites  simple; 
eighth  paratergites  produced  posteriorly  and  black-tipped;  spiracles  present 
(Fig.  3). 

Type  specimens. —YiolotypQ,  male.  Verbatim  label  data:  “Estac.  Pitilla  700  m 
9 Km  S.  Santa  Cecilia,  Guanac.  Pr.  COSTA  RICA  Set  1989,  C.  Moraga  & P. 
Rios  UTM  330300,  380200.”  Deposited  INBio,  Heredia,  Costa  Rica. 
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Allotype  female,  same  label  data,  deposited  Carnegie  Museum  of  Natural  His- 
tory, Pittsburgh,  Pennsylvania. 

Paratypes.  Male,  same  label  data,  deposited  personal  collection  of  author.  Male 
and  female:  Costa  Rica,  Guanacaste  Prov.,  Estacion  Cacao,  SW  side  Volcan  Cacao, 
1000-1400  m (UTM  323300,  375700).  Deposited  INBio,  Heredia,  Costa  Rica. 

Etymology.  ™The  specific  epithet  denotes  the  large  size,  grandis  (Latin)  = large. 

Discussion 

The  lack  of  a metasternal  production  or  abdominal  spine  places  Eludocoris  in 
section  1 of  the  Neotropical  Pentatomini  (Rolston  et  al.,  1980).  In  the  key  to  the 
forty  genera  in  this  section  of  the  Pentatomini,  which  excludes  South  American 
genera  (Rolston  and  McDonald,  1984),  Eludocoris  falls  out  with  Loxa  and  allies 
which  have  a spinous  femoral  apex.  Among  these  genera  it  will  key  to  Chloropepla 
St^l,  from  which  it  differs  by  having  bidentate  humeri  and  the  tylus  and  juga 
subequal  in  length  (Grazia,  1980).  Rolston  (1987)  provided  diagnoses  and  a key 
for  the  South  American  genera  of  section  1 which  have,  like  this  new  genus,  an 
elongate  scent  gland  ruga.  Eludocoris  will  key  to  couplet  6 of  this  key  with  Thyanta 
Stai  and  Cyptocephala  Berg,  genera  in  which  the  femora  do  not  have  spinous 
apices.  Thus,  Eludocoris  bears  no  resemblance  to  any  known  South  American 
genus.  The  recently  described  genus  Menudo  Thomas  (1990)  from  Puerto  Rico 
belongs  in  section  1 and  also  has  spinous  femoral  apices.  Menudo,  however,  is 
small  (<10  mm),  with  simple  humeri  and  several  apomorphic  characters,  such 
as  united  bucculae,  which  preclude  a close  relationship. 

Eludocoris  may  be  related  to  the  genera  allied  to  Loxa:  Chloropepla,  Chlorocoris 
Spinola,  and  Eecelia  Stai.  These  genera  resemble  one  another  in  their  large  size, 
elongate  depressed  form,  and  green  or  greenish  coloration.  They  also  have  an 
apical  femoral  spine,  a character  which  separates  them  from  all  other  pentatomine 
genera  except  Menudo  and  Eludocoris.  An  exceptional  species  in  the  genus  Eecelia 
is  E.  biorbis  Eger  from  Haiti,  which,  like  Eludocoris  grandis,  is  robust  and  has 
elaborately  produced  humeri  and  a brownish,  ornate  coloration  (Eger,  1980). 
Species  of  Eecelia,  however,  have  short  scent-gland  rugae,  acute  jugal  apices, 
evanescent  bucculae,  and  a shallow  sulcus  on  the  abdominal  midline  (Grazia, 
1980).  Therefore,  the  resemblance  is  mostly  superficial.  A more  rigorous  analysis 
of  relationships  must  await  a study  of  character  distributions  in  the  pentatomine 
genera. 
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FOSSIL  SMALL  MAMMALS  FROM  THE  HARRISON  FORMATION 
(LATE  ARIKAREEAN:  EARLIEST  MIOCENE), 

CHERRY  COUNTY,  NEBRASKA 

William  W.  Korth* 

Research  Associate,  Section  of  Vertebrate  Paleontology 


Abstract 

Microvertebrate  fossils  from  the  easternmost  known  exposure  of  the  Harrison  Formation  in  Cherry 
County,  Nebraska,  represent  at  least  29  mammalian  species,  constituting  the  McCann  Canyon  local 
fauna.  Twenty  species  are  rodents  or  lagomorphs.  Three  new  genera  and  six  new  species  of  rodents 
and  two  new  species  of  insectivores  are  described.  The  age  of  the  fauna  is  early  late  Arikareean  (earliest 
Miocene),  which  compares  closely  to  the  age  of  faunas  described  from  the  Monroe  Creek  Formation 
of  South  Dakota.  The  McCann  Canyon  local  fauna  includes  the  earliest  occurrence  of  the  talpids 
Mystipterus  and  Scalopoides  and  the  latest  occurrence  of  the  insectivores  Domnina,  Centetodon,  and 
the  yoderimyine  rodents.  The  presence  of  the  typically  European  rodents  Parallomys  and  Pseudotheri- 
domys  in  the  McCann  Canyon  fauna  provides  a link  with  Hemingfordian  faunas.  The  McCann  Canyon 
local  fauna  is  intermediate  in  age  between  faunas  of  early  Arikareean  and  early  Hemingfordian  age. 

Introduction 

Tedford  et  al.  (1987)  recognized  the  late  Arikareean  based  on  the  faunas  from 
the  Harrison  and  Upper  Harrison  (=Marsland)  formations  of  Nebraska.  This 
interval  is  recognized  mainly  on  the  basis  of  the  large  mammal  fauna  from  the 
Agate  Springs  fossil  beds,  Sioux  County,  Nebraska,  which  is  in  the  Upper  Harrison 
Formation.  It  represents  the  very  latest  fauna  of  the  late  Arikareean  age.  The 
primarily  large  mammal  fauna  from  the  older  and  subjacent  Harrison  Formation 
has  never  been  reviewed.  The  only  rodents  described  from  either  the  Harrison  or 
Upper  Harrison  are  palaeocastorine  beavers  (L.  D.  Martin,  1987)  and  the  geo- 
myoid  rodents  Gregorymys,  Proheteromys  and  Dikkomys  (Wood,  1936/?),  the 
latter  two  known  only  from  isolated  teeth  collected  from  anthills. 

The  McCann  Canyon  local  fauna  is  significant  because  of  its  stratigraphic  and 
biostratigraphic  occurrence,  and  its  abundance  of  micromammals.  The  fossils 
described  here  from  Cherry  County  represent  a geographically  distinct  fauna  of 
early  late  Arikareean  age,  which  permits  biostratigraphic  correlation  with  other 
Arikareean  faunas  from  the  Rocky  Mountain  region  (McKenna  and  Love,  1972; 
Nichols,  1976;  Rensberger,  1981),  the  John  Day  Formation  of  Oregon  (Rensber- 
ger,  1971,  1973),  and  those  of  early  Arikareean  age  described  from  the  Great 
Plains  (J.  R Macdonald,  1963,  1970;  L.  J.  Macdonald,  1972). 

The  only  comprehensive  study  of  a micromammalian  fauna  from  the  Arika- 
reean of  Nebraska  was  that  of  L.  D.  Martin  (1973),  who  studied  the  fauna  from 
the  early  Arikareean  Gering  Formation  of  Dawes,  Scottsbluff,  and  Morrill  coun- 
ties, Nebraska.  Some  parts  of  his  work  have  been  published  (L.  D.  Martin,  1974, 
1980),  but  most  of  the  Arikareean  microfauna  from  Nebraska  is  undescribed.  The 
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large  sample  of  micromammals  described  here  is  from  strata  referred  to  the 
Harrison  Formation,  Cherry  County,  Nebraska,  and  represents  a younger  fauna 
than  that  described  by  Martin.  It  is  also  considerably  farther  east  than  Martin’s 
study  area. 

Abbreviations  for  institutions  cited  below  are:  AMNH,  American  Museum  of 
Natural  History;  FAM,  Frick  Collections,  American  Museum;  FMNH,  Field  Mu- 
seum of  Natural  History;  LACM,  Museum  of  Natural  History,  Los  Angeles  Coun- 
ty; SDSM,  South  Dakota  School  of  Mines  and  Technology,  Museum  of  Geology; 
SMNH,  Saskatchewan  Museum  of  Natural  History;  UC,  University  of  Chicago; 
UNSM,  University  of  Nebraska  State  Museum;  UW,  University  of  Wyoming, 
Museum  of  Geology. 


History  of  Investigation 

The  “Mouth  of  McCann  Canyon  Quarry”  (UNSM  locality  Cr-117)  was  first 
identified  by  Skinner  et  al.  (1977)  as  the  easternmost  occurrence  of  the  Harrison 
Formation  in  Nebraska  (Fig.  1).  They  mentioned  but  did  not  describe  a colubrid 
snake  and  a beaver,  Palaeocastor  fossor,  from  this  quarry.  Later,  the  identification 
of  the  beaver  was  changed  to  Euhapsis  barbouri  (Skinner  and  Johnson,  1984), 
and  as  many  as  1 7 additional  mammalian  species  were  cited  as  being  represented, 
but  were  not  listed.  Holman  (1981)  described  the  herpetofauna  of  this  locality  on 
the  basis  of  collections  made  by  R.  Evander  of  the  UNSM  from  1978  to  1980. 
From  1981  to  1986,  collection  of  microvertebrates  at  UNSM  Cr-117  was  carried 
out  principally  by  the  University  of  Nebraska  State  Museum.  In  the  summer  of 
1 986  a second  fossiliferous  quarry  of  identical  lithology  and  apparent  stratigraphic 
position  was  discovered.  This  second  quarry,  UNSM  Cr-125,  is  approximately 
1.2  km  (0.75  miles)  east  of  Cr-1 17  (NW  sec.  33,  T33N,  R31W),  in  a roadcut 
on  the  north  bank  of  the  Niobrara  River.  Skinner  and  Johnson  (1984:fig.  32, 
section  25)  measured  a section  at  this  site,  their  Olson  Ranch  locality,  but  collected 
no  fossils  from  it.  It  has  produced  a fauna  identical  to  that  of  Cr-117.  Cr-125 
may  be  an  eastern  extension  of  the  fossiliferous  bed  present  at  Cr-117,  but  exact 
correlation  cannot  be  determined  due  to  present  topography  and  groundcover. 
Most  of  the  fossil  material  from  Cr-125  was  collected  from  1986  to  1988  by  B. 
Bailey  of  the  State  of  Nebraska  Department  of  Roads  as  part  of  the  Highway 
Salvage  Paleontology  Program. 


Geology 

The  sediments  referred  to  the  Harrison  Formation  in  Cherry  County,  Nebraska, 
were  described  by  Skinner  et  al.  (1977:290--292)  as  “.  . . windblown,  and  consists 
mostly  of  consolidated  massive  beds  of  silt  and  fine  ‘pepper  and  salt’  sand  with 
an  overall  gray  appearance.”  In  its  type  area  in  Sioux  County,  Nebraska,  the 
Harrison  Formation  has  a thickness  up  to  61.5  m (^200  ft;  see  Hatcher,  1902). 
At  its  easternmost  extension  along  the  Niobrara  River  in  Cherry  County,  the 
Harrison  Formation  is  only  4.3  m (14  ft)  thick  in  surface  exposures  (Skinner  and 
Johnson,  1984)  and  unconformably  overlies  a . buff  siltstone  referable  to  the 
Rosebud  Formation  or  to  a Monroe  Creek  equivalent”  (Skinner  and  Johnson, 
1984:233)  and  is  unconformably  overlain  by  the  Crookston  Bridge  Member  of 
the  Valentine  Formation. 

The  beds  referred  to  the  Harrison  Formation  at  Cr-117  and  Cr-125  are  not 
laterally  continuous  with  the  formation  in  its  type  area  but  have  the  distinctive 
lithology  of  the  Harrison  Formation  (“salt  and  pepper”  appearance,  silty  to  fine 
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Fig.  1.— Map  showing  location  of  UNSM  localities  Cr-l  17  and  Cr-125,  Cherry  County,  Nebraska. 


sand-sized  texture  of  eolian  origin,  and  randomly  occurring  channel  sands  con- 
taining clastic  pebbles  of  fine  sandstone  or  siltstone;  Skinner  et  aL,  1977). 

The  fossils  from  Cr-l  17  are  derived  from  two  thin  beds  or  lenses  (5  to  10  cm 
thick)  of  poorly  sorted  channel  sand  containing  sandstone  pebbles  (Fig.  2A),  less 
than  0.5  to  1 m above  the  roadbed.  Since  the  original  description  of  the  fossil- 
iferous  layers  at  Cr-l  17,  a narrow,  deep  gully  has  been  cut  along  the  west  end  of 
the  roadcut.  In  this  new  exposure,  the  two  fossiliferous  lenses  can  be  seen  to  merge 
toward  the  north,  forming  a layer  about  1 m (3  ft)  thick.  At  Cr- 1 25,  the  fossiliferous 
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Table  1.— Occurrence  of  mammalian  taxa  in  the  McCann  Canyon  local  fauna  compared  with  other 
micromammalian  faunas  of  the  Great  Plains,  S/G  = Sharps  fauna,  South  Dakota  and  Gering  fauna, 
Nebraska;  MC  = Monroe  Creek  fauna,  South  Dakota. 


Cr-117 

Cr-125 

S/G 

MC 

Herpetotherium  youngi 

X 

X 

X 

X 

Centetodon  divaricatus 

X 

Parvericius  voorhiesi 

X 

X 

Amphechinus  sp. 

X 

Ocajila  sp. 

X 

Scalopoides  sp. 

X 

Proscalops  secundus 

X 

X 

Mystipterus  sp. 

X 

Domnina  sp. 

X 

Alwoodia  harkseni 

X 

X 

X 

Parallomys  americanus 

X 

X 

X 

Promylagaulus  riggsi 

X 

X 

Trilaccogaulus  ovatus 

X 

X 

X 

Nototamias  quadratus 

X 

X 

X 

X 

Protosciurus  sp. 

X 

Palaeocastor  cf.  P.  simplicidens 

X 

X 

X 

Proheteromys  sp. 

X 

X 

Hitonkala  macdonaldtau 

X 

X 

Sanctimus  cf.  S.  stuartae 

X 

X 

X 

Florentiamys  sp. 

X 

Entoptychus  grandiplanus 

X 

X 

Gregorymys  cf  G.  formosus 

X 

X 

Arikareeomys  skinneri 

X 

X 

Pseudotheridomys  sp. 

X 

X 

X 

Leidymys  cerasus 

X 

X 

Paciculus  nebraskensis 

X 

X 

Plesiosminthus  cf  P.  clivosus 

X 

X 

Gripholagomys  lavocati 

X 

X 

Archaeolagus  cf  A.  primigenius 

X 

X 

X 

layer  is  identical  in  lithology  to  those  at  Cr-117,  is  approximately  L5  m (5  ft) 
above  the  roadbed,  and  ranges  from  20  to  50  cm  in  thickness  (Fig.  2B).  While 
the  Harrison  Formation  is  almost  entirely  eolian  in  origin  (Skinner  et  ah,  1977), 
the  beds  that  contain  the  fossil  material  are  clearly  fluvial  conglomerates  contained 
within  the  otherwise  eolian  stratum.  These  beds  contain  some  cross-bedding  as 
well  as  clasts  of  sandstone  apparently  derived  directly  from  the  surrounding  Har- 
rison Formation.  The  fossils  show  moderate  water  wear. 

Fauna 

Nearly  all  of  the  species  from  the  McCann  Canyon  local  fauna  are  represented 
from  both  fossil  localities  (Table  1).  The  differences  between  the  faunas  from  the 
two  localities  are  most  likely  due  to  sampling  error  as  the  species  not  common 
to  both  localities  are  each  known  from  fewer  than  three  specimens. 


Fig.  2.™ Fossiliferous  conglomeratic  layers  in  the  Harrison  Formation,  Cherry  County,  Nebraska.  A, 
UNSM  locality  Cr~l  17,  Mouth  of  McCann’s  Canyon  (lens  cap  in  center  5 cm  in  diameter).  B,  UNSM 
locality  Cr-125,  Olson  Ranch  (probe  handle,  left  of  center,  10  cm  in  length).  Exposure  faces  south  at 
both  localities. 
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Few  specimens  of  larger  mammals  (greater  than  2 kg  body  weight;  about  rabbit- 
sized) are  present  in  the  collections,  and  most  of  these  are  fragments  of  teeth  and 
bone  that  cannot  be  identified  below  family  level.  The  recognizable  larger  mam- 
mals are  a mustelid,  a merycoidodont  and  an  equid. 

Age 

There  are  no  radiometrically  datable  beds  within  the  Harrison  Formation  in 
Cherry  County.  However,  volcanic  ashes  near  the  stratigraphic  center  of  the  for- 
mation in  Sioux  County,  near  its  type  area,  have  been  fission-track  dated  at  21.9 
and  20.7  mya  (Tedford  et  al.,  1987).  The  age  of  the  fauna  described  here  is  believed 
to  be  very  close  to  the  dates  obtained  from  elsewhere  in  the  Harrison  Formation. 
These  dates  indicate  an  early  Miocene  or  late  Arikareean  age  for  the  Harrison 
Formation  (Berggren  et  al,  1984). 

Tedford  et  al.  (1987:184-185,  193-194)  defined  informal  early  and  late  divi- 
sions of  the  Arikareean,  and  suggested  that  both  early  and  late  phases  of  these 
divisions  might  be  possible  with  future  additions  to  the  known  faunas  from  these 
levels.  However,  in  their  figure  (Tedford  et  al.,  1987:fig.  6.3),  they  listed  taxa  at 
the  boundaries  of  all  of  the  early  and  late  phases  of  the  Arikareean.  In  another 
figure  (Tedford  et  al.,  1987:fig.  6.2),  they  placed  the  Harrison  fauna  (and  the 
formation)  entirely  within  the  early  phase  of  the  late  Arikareean.  Unfortunately, 
the  taxa  utilized  by  Tedford  et  al.  (1987)  to  separate  the  late  from  the  early 
Arikareean  were  not  small  mammals  (rodents,  insectivores,  marsupials).  The  only 
mention  of  rodents  in  their  definition  of  the  late  Arikareean  is  limited  to  the  late 
phase,  including  only  the  first  occurrence  of  Mylagaulodon,  greatest  diversity  of 
palaeocastorine  beavers,  and  last  occurrence  of  entoptychine  geomyids. 

Fisher  and  Rensberger  (1972)  divided  the  late  Oligocene-early  Miocene  John 
Day  Formation  into  concurrent-range  zones.  These  zones  have  been  correlated 
subsequently  to  Arikareean  faunas  from  both  the  Great  Plains  and  Rocky  Moun- 
tain areas  (Rensberger,  1973,  1979,  1980;  Tedford  et  al.,  1987).  Based  on  Fisher 
and  Rensberger’s  criteria,  the  presence  of  both  Entoptychus  and  Gregorymys  puts 
the  McCann  Canyon  local  fauna  within  the  Entoptychus-Gregorymys  concurrent- 
range  zone,  which  Tedford  et  al.  (1987:fig.  6.2)  have  correlated  with  the  latest 
part  of  the  late  phase  of  the  early  Arikareean  and  the  majority  of  the  late  Ari- 
kareean. 


Dental  Terminology  and  Measurements 

The  dental  terminology  used  below  for  rodents  is  basically  that  of  Wood  and 
Wilson  (1936),  with  modifications  for  the  geomyoids  (Rensberger,  1971)  and 
mylagaulids  (Rensberger,  1979).  Lagomorph  dental  terminology  follows  that  of 
Wood  (1940)  and  Dawson  (1958).  The  dental  terminology  for  the  marsupials  and 
insectivores  follows  that  of  Van  Valen  (1966). 

All  dental  measurements  represent  maximum  measurements  taken  at  the  base 
of  the  enamel  in  brachydont  species  (see  Rich  and  Rasmussen,  1973:fig.  1 for 
diagram  of  dimensions  of  insectivore  teeth),  at  the  maximum  dimension  in  my- 
lagaulids (about  mid-crown  height),  and  at  the  occlusal  surface  in  Entoptychus 
and  Archaeolagus. 

Abbreviations  for  dental  measurements  are:  a-p,  anteroposterior  length;  tr, 
transverse  width;  tra,  anterior  transverse  width  (trigonid  width  in  insectivore  lower 
molars,  metalophid  or  protoloph  width  in  rodents);  trp,  posterior  transverse  width 
(talonid  width  in  insectivores,  hypolophid  or  metaloph  width  in  rodents).  Ad- 
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ditional  abbreviations  for  statistical  parameters  and  crown  height  in  mylagaulids 
are  listed  in  the  appropriate  tables. 

Systematic  Paleontology 

Order  Marsupialia  Illiger,  1811 
Family  Didelphidae  Gray,  1821 
Herpetotherium  Cope,  1873 

Crochet  (1977)  distinguished  North  American  Tertiary  didelphids  of  the  tribe 
Didelphini  as  belonging  to  a genus  separate  from  Peratherium,  the  Tertiary  Eu- 
ropean  didelphine,  based  mainly  on  the  size  and  arrangement  of  stylar  cusps  on 
the  upper  molars.  Recently,  Krishtalka  and  Stucky  (1983)  rejected  this  distinction 
because  of  the  variable  nature  of  these  features  in  Eocene  species,  but  retained 
the  type  species  of  Herpetotherium,  H.  fugax,  in  the  genus  because  of  the  distinct 
morphology  of  the  anterior  dentition  as  defined  by  Fox  (1983). 

All  of  the  Oligocene  and  later  Tertiary  didelphines  from  North  America  are 
characterized  by  an  enlarged  central  stylar  cusp  on  the  upper  molars,  and  a reduced 
or  absent  stylar  cusp  B (Stock  and  Furlong,  1 922;  Plough,  1961;  Green  and  Martin, 
1976;  Korth,  in  press).  These  are  diagnostic  features  of  Herpetotherium  as  rede- 
fined by  Crochet  (1977),  which  is  thus  distinguished  from  the  Old  World  Peratheri- 
um, which  has  a dominant  stylar  cusp  B on  the  upper  molars  with  a reduced  or 
absent  cusp  D and  cusp  C.  One  specimen  referred  below  to  Herpetotherium  youngi, 
UNSM  24195  (Fig.  3E),  preserves  the  alveoli  for  C and  C,  showing  that  these 
teeth  are  enlarged  and  anteriorly  projecting  as  in  H.  fugax.  Therefore,  the  later 
Tertiary  North  American  species  of  didelphines  are  referred  to  Herpetotherium, 
based  on  consistency  of  size  of  the  stylar  cusps  on  the  upper  molars,  and  their 
association  with  the  morphology  of  the  lower  incisors. 

Herpetotherium  youngi  (McGrew,  1937) 

(Fig.  3,  Table  2) 

Peratherium  youngi  1937. 

Peratherium  spindleri  J.  R.  Macdonald,  1963. 

Peratherium  species  indeterminate:  J.  R.  Macdonald,  1970. 

Peratherium  cf.  spindleri:  Green  and  Martin,  1976. 

Referred  specimens.— 24186,  24187,  24189,  24191,  and  24195,  mandibles  with  lower  cheek 
teeth;  UNSM  24200,  maxilla  with  LM^-M';  UNSM  24188,  24190,  24196,  24197,  24201,  and  24202, 
isolated  cheek  teeth. 

Description.— HhQ  antemolar  dentition  of  H.  youngi  has  not  been  described  previously.  The  de- 
scription provided  here  is  based  on  UNSM  24195. 

Alveoli  for  at  least  two  incisors  preserved  anterior  to  canine  alveolus;  both  smaller  than  the  canine 
alveolus,  laterally  compressed,  and  inclined  anteriorly;  anterior  alveolus  larger  than  the  posterior  one. 
Alveolus  for  C,  large,  oval,  opening  anterodorsally;  extending  posteriorly  to  below  P2. 

Pi  small,  laterally  compressed,  and  single  rooted;  single  cusp  along  anterior  margin  of  tooth;  low, 
sloping  crest  extending  posteriorly  to  minute  heel.  P2  two-rooted;  single  major  cusp  (?protoconid); 
distinct  talonid  comprising  posterior  one-third  of  tooth;  talonid  wider  than  anterior  two-thirds  of 
tooth. 

P3  subequal  in  length  to  P2;  major  trigonid  cusp  (?protoconid)  extending  dorsally  higher  than  cusps 
of  molars;  minute  cuspule  (?paraconid)  on  anterior  slope  of  protoconid  on  unworn  specimen;  talonid 
wider  than  trigonid;  minute  cusp  (?entoconid)  present  on  posterolingual  comer  of  talonid. 

Short  diastema  between  P,  and  P2  on  all  observable  specimens;  large  mental  foramen  below  diastema; 
smaller  posterior  mental  foramen  below  anterior  root  of  M,. 

Discussion.— GvQQn  and  Martin  (1976)  reviewed  middle  Tertiary  species  of 
didelphines  from  the  Great  Plains.  They  argued  that  Peratherium  spindleri  from 
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Fig.  3. — Dentitions  of  Herpetotherium  youngi.  A,  UNSM  24200,  partial  maxilla  with  LM^-M^  B, 
UNSM  24186,  RP3-M3.  C,  UNSM  24187,  RM4.  D,  UNSM  24186  (same  as  B),  lateral  view  of  mandible. 
E,  UNSM  24195,  lateral  view  of  mandible  with  RP,-M,. 


the  Sharps  Formation  of  South  Dakota  was  very  likely  synonymous  with  P.  youngi 
but  did  not  synonymize  the  two  species  due  to  lack  of  material  {H.  youngi  was 
known  from  two  isolated  teeth).  With  available  material  from  Cr- 1 1 7 and  Cr- 
125,  it  is  evident  that  the  lower  dentition  is  indistinguishable  from  the  holotype 
of  H.  spindleri,  and  the  upper  molars  are  clearly  conspecific  with  the  holotype  of 
H.  youngi.  Therefore  it  is  appropriate  to  synonymize  these  two  species  following 
the  arguments  of  Green  and  Martin  (1976). 

The  size  of  the  UNSM  specimens  of  H.  youngi  (Table  2)  is  nearest  that  of 
specimens  cited  by  Green  and  Martin  (1976:table  1)  from  the  Sharps,  Monroe 
Creek,  and  Harrison  formations.  H.  youngi  is  slightly  smaller  than  Orellan  H. 
fugax,  and  slightly  larger  than  specimens  of  Hemingfordian  age.  The  only  other 
Arikareean  didelphine  is  H.  merriami  from  the  John  Day  Formation  (Stock  and 
Furlong,  1922),  which  is  larger  than  H.  youngi. 

McGrew  (1937)  described  the  holotype  of  H.  youngi  as  an  M^  an  identification 
followed  by  subsequent  authors.  However,  the  specimen  (UC  1544)  is  more  likely 
an  M^.  In  didelphids,  M^  is  buccolingually  elongate  and  more  nearly  symmetrical 
about  a central  transverse  axis  than  are  M^  and  M^.  UC  1544  is  less  symmetrical 
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Table  2.— Dental  measurements  o/Herpetotherium  youngi  from  the  Harrison  Formation,  Nebraska. 
* = measurement  taken  from  Green  and  Martin  (I976:fig.  6J).  Measurements  in  mm. 


UNSM  no. 

24186 

24187 

24188 

24189 

24190 

24195 

24196 

24197 

P. 

a-p 

0.95 

0.88 

tr 

0.44 

0.41 

P2 

a-p 

1.48 

1.16 

tr 

0.67 

0.60 

P3 

a-p 

1.42 

1.65 

tr 

0.66 

0.77 

M, 

a~p 

1.50 

1.81 

1.85 

tra 

0.90 

1.07 

1.03 

tip 

0.94 

1.02 

1.10 

M, 

a-p 

1.60 

1.74 

1.72 

2.04 

1.84 

tra 

1.05 

0.91 

1.02 

1.28 

1.36 

trp 

1.13 

1.00 

1.08 

1.24 

1.07 

M3 

a-p 

1.95 

1.99 

tra 

1.14 

1.11 

trp 

1.14 

1.10 

M4 

a=p 

1.68 

1.90 

tra 

0.85 

0.98 

trp 

0.62 

0.65 

UC  1544 

UNSM  no. 

24197 

24200 

24201 

24202 

Type* 

M' 

a~p 

1.55 

tr 

1.79 

M2 

a-p 

1.67 

1.74 

tr 

2.00 

1.86 

M^ 

a-p 

1.63 

1.60 

1.63 

tr 

2.11 

1.99 

2.21 

than  typical  M^s  of  didelphines  and  more  nearly  approaches  the  outline  seen  in 
(see  Green  and  Martin,  1976,  for  appropriate  comparative  figures). 

Order  Insectivora  Illiger,  1811 
Family  Geolabididae  McKenna,  1960 
Centetodon  Marsh,  1872 
Centetodon  divaricatus,  new  species 
(Fig.  4C-=F) 

i^o/oryp^.-UNSM  24170,  LM^. 

Referred  specimens.— UNSM  24171,  partial  mandible  with  LP3  and  alveoli  for  P,  through  M,; 
UNSM  24191,  partial  mandible  with  LM,. 

Type  /oca/iYy.” UNSM  locality  Cr-1 17. 

Diagnosis.  — Largest  species  of  the  genus;  distinct  lingual  emargination  on  upper 
molars;  lingual  roots  on  upper  molars  more  widely  divergent  than  in  other  species; 
anterior  mental  foramen  on  mandible  anterior  to  P2,  farther  anterior  than  in  any 
other  species;  diastema  between  Pi  and  P2,  unknown  in  other  species. 

Etymology.— hdiXin,  divaricatus,  spread  apart. 

Description.— Holotype  (UNSM  24170)  very  similar  in  occlusal  morphology  to  M^  of  C.  chadronensis 
and  C.  marginalis  (Lillegraven  et  al.,  1981)  but  larger  than  any  specimen  of  C.  magnus,  the  largest 
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5 mm 


Fig.  4.— Dentitions  of  Ocajila  sp.  and  Centetodon  divaricatus  from  the  Harrison  Formation  of  Ne- 
braska. A,  B,  Ocajila  sp.,  UNSM  24166,  M,.  A,  Occlusal  view.  B,  Buccal  view.  C-F,  Centetodon 
divaricatus.  C,  D,  UNSM  24170  (holotype),  LM^.  C,  Occlusal  view.  D,  Lingual  view.  E,  UNSM  24191, 
LM,.  F,  UNSM  24171,  lateral  view  of  mandible  with  LP3. 


previously  reported  species  (a-p,  1.78  mm;  tra,  3.30  mm;  trp,  3.10  mm);  parastyle,  preparacrista,  and 
postmetacrista  well  developed;  conules  absent;  anterior  and  posterior  cingula  broad  shelves,  extending 
approximately  one-half  width  of  tooth  from  lingual  margin;  both  cingula  extend  lingual  to  protocone, 
producing  distinct  lingual  emargination;  lingual  roots  widely  divergent;  distance  between  apices  of 
roots  nearly  twice  lingual  length  of  tooth. 

P3  as  in  other  species  of  Centetodon',  laterally  compressed,  large  (a-p,  1.64  mm;  tra,  0.72  mm;  trp, 
0.68  mm);  large  protoconid;  minute  cuspule  (?paraconid)  on  anterolingual  slope  of  protoconid;  talonid 
small,  no  distinguishable  cusps;  distinct  cristid  running  posteriorly  from  apex  of  protoconid  to  posterior 
tip  of  talonid  along  buccal  side:  small  buccal  cingulid  running  one-half  length  of  tooth  from  talonid 
anteriorly. 
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Alveoli  for  C,,  P,,  P2,  P4  and  M,  preserved  in  UNSM  24171;  alveolus  for  C,  large,  laterally  compressed 
oval;  P,  and  P2  two  rooted;  P2  slightly  larger  than  P,.  M,  differs  from  specimens  of  C.  chadronensis 
and  C marginalis  only  in  its  larger  size  (a-p,  2.21  mm;  tra,  1.28  mm;  tip,  1.21  mm). 

Discussion.  — Centetodon  divaricatus  is  easily  distinguishable  from  other  species 
of  the  genus  by  its  larger  size.  The  lingual  roots  of  the  upper  molars  are  widely 
spread  as  in  C.  marginalis  and  C wolffi.  The  anterior  and  posterior  lingual  cingula 
on  the  upper  molars  are  very  broad.  This  character  is  variable  in  several  species 
of  Centetodon  (Lillegraven  et  al,  1981),  but  appears  better  developed  in  C.  di- 
varicatus than  in  specimens  of  any  other  species  previously  figured.  The  lingual 
cingulum  on  the  upper  molars  is  not  confluent  around  the  base  of  the  protocone 
as  in  C.  kuenzii  (Lillegraven  and  Tabrum,  1983);  rather,  the  anterior  and  posterior 
cingula  are  widely  separated.  The  deep  lingual  emargination  between  the  anterior 
and  posterior  cingula  on  of  C.  divaricatus  is  much  more  marked  than  in 
specimens  of  C.  marginalis. 

P3  of  C.  divaricatus  is  aligned  directly  anteroposteriorly.  This  orientation  of  P3 
is  also  present  in  C magnus,  and  differs  from  that  in  other  species,  in  which  P3 
is  positioned  obliquely  with  the  anterior  end  pointing  slightly  lingually. 

Two  features  of  the  mandible  also  separate  C.  divaricatus  from  other  species 
of  the  genus:  the  position  of  the  anterior  mental  foramen  and  the  presence  of  a 
diastema  anterior  to  P2.  In  other  species  of  Centetodon  the  anterior  mental  foramen 
is  positioned  between  the  anterior  root  of  P2  and  the  anterior  root  of  P3  (Lillegraven 
et  al.,  1981:30).  In  C.  divaricatus  it  is  well  anterior  to  P2.  Anterior  to  P2  in  C. 
divaricatus,  above  the  mental  foramen,  is  a distinct  diastema.  This  diastema  in 
UNSM  24171  is  much  larger  (0.90  mm)  than  in  any  figured  species  of  Centetodon 
(Lillegraven  et  al.,  1981). 

Centetodon  divaricatus  from  the  Harrison  Formation  represents  the  latest  oc- 
currence of  the  genus.  Previously,  the  latest  occurrence  of  Centetodon  was  based 
on  specimens  from  the  Monroe  Creek  Formation,  South  Dakota  (Lillegraven  et 
al,  1981:105),  questionably  referred  to  C.  magnus.  If  Lillegraven  et  al.  (1981) 
based  their  identification  on  size,  it  is  possible  that  the  specimens  are  referable 
to  C divaricatus.  Besides  being  the  youngest  species  of  the  genus,  C divaricatus 
is  the  most  derived  species  in  size,  development  of  lingual  cingula,  and  divergence 
of  the  lingual  roots  of  the  upper  molars. 

Family  Soricidae  Gray,  1821 
Domnina  Cope,  1873 
Domnina  sp. 

(Table  3) 

Referred  specimen. — IJNSM  24169,  partial  mandible  with  LMj-Mj. 

Locality. —UNSM  locality  Cr-125. 

Discussion.  —UNSM  24169  is  smaller  than  the  two  species  of  Domnina  known 
from  the  Sharps  fauna  of  South  Dakota  and  the  Orellan  species  of  the  genus.  It 
is  larger  than  the  unnamed  Arikareean  species  described  by  Repenning  (1967:9- 
1 0)  from  California.  It  most  closely  approaches  Chadronian  D.  thompsoni  in  size 
(Simpson,  1941;  Table  3,  this  paper). 

The  lingual  cusps  of  Mi  and  M2  on  UNSM  24169  are  broken  away,  thus 
eliminating  the  entostylids,  the  morphology  of  which  separates  the  Arikareean 
species  from  the  earlier  Oligocene  species  of  the  genus  (J.  R.  Macdonald,  1963, 
1970;  Hutchison,  1972).  No  species  determination  can  be  made  on  the  specimen 
due  to  its  fragmentary  nature. 
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Table  3.— Dental  measurements  o/Mystipterus,  Scalopoides  sp.,  and  Domnina  sp.  from  the  Harrison 
Formation,  Nebraska.  Measurements  in  mm. 


M, 

M, 

M3 

a-p 

tra 

trp 

a-p 

tra 

trp 

a-p 

tra 

trp 

Mystipterus  sp. 

UNSM  24178 

1.38 

1.10 

1.18 

1.65 

1.24 

1.18 

Scalopoides  sp. 

UNSM  24192 

1.59 

0.97 

1.21 

Domnina  sp. 

UNSM  24169 

2.00 

1.23 

1.56 

1.22 

1.13 

_ 

0.93 

__ 

Family  Talpidae  Gray,  1821 
Subfamily  Talpinae  Fischer  von  Waldheim,  1817 
Scalopoides  Wilson,  1960 
Scalopoides  sp. 

(Fig.  5A,  B) 

Referred  specimen.— IJNSM  24192,  partial  mandible  with  LMi. 

Locality. -IJNSM  locality  Cr~l  17. 

Description. —The  M,  of  UNSM  24 1 92  is  smaller  than  any  other  recorded  for  Scalopoides  (a-p,  1 .64 
mm;  tra,  0.93  mm;  trp,  1.14  mm;  Wilson,  1960:44;  Hutchison,  1968:table  12).  As  in  5'.  isodens  the 
paracristid  is  straight,  leaving  the  trigonid  widely  open  lingually.  It  is  not  deflected  posteriorly  as  in 
5*.  ripafodiator.  The  cristid  obliqua  of  UNSM  24192  does  not  extend  as  far  lingually  as  on  M,  in  the 
other  species.  A small  mental  foramen  is  present  in  the  mandible  ventral  to  a point  between  P4 
and  M,. 

Discussion.  — UNSM  24192  is  separable  from  Mystipterus  of  the  McCann  Can- 
yon fauna  by  its  larger  size,  greater  development  of  the  entocristid,  and  shape  of 
the  trigonid  on  Mj. 

UNSM  24192  is  very  close  in  morphology  to  specimens  of  Scalopoides  isodens 
from  the  Hemingfordian  of  Colorado,  differing  only  in  being  about  20%  smaller. 
Too  little  material  is  known  to  establish  a new  species  from  the  Arikareean,  It  is 
possible  that  UNSM  24192  lies  within  the  size  range  of  S.  isodens,  which  is  also 
known  from  few  specimens. 

Scalopoides  from  the  McCann  Canyon  fauna  is  the  earliest  record  of  this  genus. 

Subfamily  Uropsilinae  Dobson,  1883 
Mystipterus  Hall,  1930 
Mystipterus  sp. 

(Fig.  5C,  D;  Table  3) 

Referred  specimen.— UFtSM  24178,  partial  mandible  with  LM1-M2. 

Description.— in  size  to  M.  martini  (Wilson,  1 960:40);  mandible  slender;  small  mental  foramen 
below  alveolus  for  posterior  root  of  P4,  slightly  more  anterior  than  in  described  species;  M2  slightly 
larger  than  M,;  trigonid  of  M,  narrower  than  talonid;  anterior  cingulid  and  paraconid  broken;  posterior 


Fig.  5.=”Talpidae  and  Proscalopidae  from  the  Harrison  Formation,  Nebraska.  A,  B,  Scalopoides  sp. 
UNSM  24192.  A,  Occlusal  view,  M,.  B,  Lateral  view  of  mandible.  C,  D,  Mystipterus  sp.,  UNSM 
24178.  C,  Occlusal  view,  M,-M2.  D,  Lateral  view  of  mandible.  E-G,  Proscalops  secundus.  E,  UNSM 
24185,  LM\  F,  G,  UNSM  24179,  RM2.  F,  Occlusal  view.  G,  Buccal  view. 
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cingulid  present;  no  cingulid  on  buccal  sides  of  protoconid  and  hypoconid;  protoconid  largest  cusp  of 
trigonid;  cristid  obliqua  joins  trigonid  lingual  to  protoconid;  hypoconulid  projecting  directly  posteriorly 
from  base  of  entoconid;  no  entocristid  present,  leaving  talonid  open  lingually. 

M2  trigonid  wider  than  talonid;  anterior  cingulid  narrow  shelf  along  base  of  anterior  face  of  trigonid; 
paraconid  smallest  cusp  of  trigonid,  obliquely  compressed;  protoconid  large,  crescentic,  as  in  M,;  no 
cingulid  on  buccal  sides  of  protoconid  or  hypoconid;  entoconid  as  in  Mi;  cristid  oblique  joins  trigonid 
at  base  of  metaconid;  talonid  more  anteroposteriorly  compressed  than  in  M,;  rudimentary  entocristid 
originating  from  entoconid,  ending  anteriorly  half  way  to  metaconid. 

Discussion. —UNSM  24178  is  assigned  to  Mystipterus  based  on  Hutchison’s 
(1968:36)  emended  diagnosis,  which  includes  the  character’s  small  size,  moder- 
ately brachydont  cheek  teeth,  anterior  and  posterior  buccal  cingulids  present  on 
lower  molars,  and  trigonid  cusps  of  Mi  crowded  together.  The  only  diagnostic 
character  listed  by  Hutchison  not  present  in  UNSM  24178  is  a developed  ento- 
cristid on  the  lower  molars,  which  appears  to  be  a variable  trait  in  the  genus. 

Differences  in  the  lower  molars  and  mandible  between  UNSM  24178  and  other 
species  of  the  genus  (poorly  developed  buccal  cingulids  and  entocristid,  more 
anterior  position  of  mental  foramen)  are  here  considered  primitive.  There  is  no 
character  of  molar  morphology  that  would  preclude  considering  the  species  rep- 
resented by  UNSM  24178  as  the  ancestor  of  the  later  Tertiary  species.  Hutchison 
(1968)  suggested  that  a common  ancestor  for  Mystipterus  (previously  known  from 
Hemingfordian  to  Clarendonian  rocks)  would  probably  be  found  in  the  early 
Miocene.  Hence,  UNSM  24178  from  the  Harrison  Formation  also  appears  to  fit 
the  temporal  requirements  for  ancestry  of  the  genus. 

Hutchison  (1968)  recognized  two  subgenera  of  Mystipterus,  Mystipterus  and 
Mydecodon,  based  on  the  antemolar  dentition.  Because  this  part  of  the  dentition 
is  not  preserved  in  UNSM  24178,  it  cannot  be  definitely  referred  to  a subgenus. 

Family  Proscalopidae  Reed,  1961 
Proscalops  Matthew,  1901 
Proscalops  secundus  Matthew,  1 909 
(Fig.  5E,  F;  Table  4) 

Referred  — UNSM  24179,  24180,  24182  to  24185,  isolated  cheek  teeth;  UNSM  24181, 

two  right  humeri. 

Discussion. —Proscalops  secundus  is  known  elsewhere  from  the  Monroe  Creek 
Formation  in  South  Dakota  (Matthew,  1909;  Galbreath,  1953;  J.  R.  Macdonald, 
1963,  1970).  The  specimens  referred  here  differ  from  P.  evelynae  (Sharps  For- 
mation) in  the  stronger  development  of  the  metastylid  on  M2,  the  stronger  “V”- 
shape  of  the  paracone  on  M^,  and  the  pinching  of  the  protocone  on  the  upper 
molars  (Barnosky,  1981).  Two  talpoid  humeri  from  Cr-125  are  identical  to  those 
of  proscalopids  (Barnosky,  1981:fig.  17,  18)  and  probably  represent  P.  secundus 
based  on  their  association  with  the  teeth. 

Family  Erinaceidae  Fischer  von  Waldheim,  1817 
Ocajila  Macdonald,  1963 

Type  species.  — Ocajila  makpiyahe  1963. 

Range.  — Early  Arikareean  (latest  Oligocene)  of  South  Dakota,  and  possibly  late 
Arikareean  (earliest  Miocene)  of  Nebraska. 

Discussion.—].  R.  Macdonald  (1963)  based  Ocajila  makpiyahe  on  a mandible 
with  M2-M3  (SDSM  56105)  from  the  early  Arikareean  Sharps  Formation  in  South 
Dakota.  Later  (J.  R.  Macdonald,  1970),  he  referred  two  other  specimens  to  this 
species.  No  other  species  have  been  assigned  to  this  genus. 
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Table  A.— Dental  measurements  o/Proscalops  secundus  from  the  Harrison  Formation,  Nebraska. 

Measurements  in  mm. 


M, 

M, 

UNSM  no. 

a-p 

tra 

trp 

a-p 

tra 

trp 

24179 

24180 

2.76 

1.63 

1.92 

2.67 

2.13 

1.86 

M' 

M3 

a-p 

tr 

a-p 

tr 

a-p 

tr 

24183 

24185 

2.23 

3.94 

2.45 

3.62 

24185 

2.81 

3.57 

24185 

2.92 

3.55 

24185 

24185 

2.51 

3.48 

2.27 

3.30 

24185 

24185 

2.48 

3.45 

2.13 

2.12 

Eaton  (1985:fig.  5B)  identified  a single  specimen  (UW  14024)  as  ''cf.  Ocajila 
sp.”  from  the  middle  Eocene  Wiggins  Formation,  Wyoming.  This  specimen  has 
an  Ml  very  similar  to  that  of  the  later  Tertiary  genus  Lanthanotherium.  The 
molars  in  the  Wyoming  specimen  decrease  in  size  posteriorly  as  in  Lanthanotheri- 
um and  Ocajila.  The  trigonids  of  the  last  two  molars  of  UW  1 4024  are  much 
more  open  lingually  than  in  Ocajila  or  Lanthanotherium,  and  the  paracristid  is 
much  higher  than  in  the  type  species  of  Ocajila.  Specimens  from  the  middle 
Eocene  Badwater  fauna  of  Wyoming  identified  as  “Erinaceid  sp.”  are  of  equal 
size,  have  these  features  (Krishtalka  and  Setoguchi,  1977:fig.  4A,  B),  and  may  be 
referable  to  the  same  species  as  UW  14024. 

The  most  thorough  discussion  of  the  relationships  of  Ocajila  (Engesser,  1979) 
noted  little  or  no  difference  between  the  holotype  of  O.  makpiyahe  and  younger 
species  from  North  America  referred  to  Lanthanotherium.  Engesser  (1979)  found 
that  molars  of  the  European  species  and  the  North  American  species  of  Lan- 
thanotherium differed  only  in  size,  the  European  species  being  larger.  The  anterior 
dentition  of  North  American  and  European  species  of  Lanthanotherium,  however, 
is  markedly  different  (James,  1963).  Engesser  (1979)  suggested  that  the  North 
American  species  referred  to  Lanthanotherium  might  be  placed  in  Ocajila,  and 
the  European  species  retained  in  the  former  based  on  the  difference  in  the  anterior 
dentition.  He  did  not  make  this  separation  formally  because  the  anterior  dentitions 
of  O.  makpiyahe,  type  species  of  the  genus,  and  of  some  of  the  European  species 
were  not  known. 

Ocajila  sp. 

(Fig.  4A,  B) 

Referred  specimen. —UFiSM  24166,  RM,. 

Description.  24166  relatively  large  for  an  erinaceid  (a-p,  4.07  mm;  tra,  2.28  mm;  trp,  2.21 

mm);  trigonid  longer  and  wider  than  talonid;  protoconid  and  metaconid  highest  cusps  on  tooth; 
paracristid  runs  anteriorly  from  protoconid,  sloping  ventrally  to  paraconid;  trigonid  widely  open 
lingually;  talonid  with  two  subequal  cusps,  entoconid  and  hypoconid;  cristid  obliqua  runs  directly 
anteriorly  from  hypoconid,  joining  trigonid  posterior  and  just  lingual  to  base  of  protoconid;  cingulid 
continuous  from  below  paraconid  to  center  of  posterior  wall  of  talonid  along  buccal  side  of  tooth, 
rising  to  meet  talonid  basin  at  its  posterior  end. 
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Discussion. —Tht  Mi  referred  here  to  Ocajila  sp.  is  similar  to  MjS  referred  to 
Lanthanotherium  from  the  later  Tertiary  of  California,  Oregon  and  Europe  (Lind- 
say, 1972:fig.  4;  James,  1963:fig.  19;  Engesser,  1979:plate  2).  UNSM  24166  is 
larger  than  any  of  the  North  American  species  referred  to  Ocajila  or  Lanthanothe- 
rium, and  smaller  than  most  European  species  (J.  R.  Macdonald,  1963:167;  James, 
1963:table  9;  Lindsay,  1972:table  3). 

The  holotype  of  O.  makpiyahe  does  not  have  an  Mi;  therefore,  no  direct  com- 
parison can  be  made  with  UNSM  24166.  UNSM  24166  probably  represents  a 
new  species  based  on  its  large  size. 

Amphechinus  1850 

Amphechinus  sp. 

Referred  specimen.— UNSM  24198,  LP4. 

— UNSM  locality  Cr-125. 

Description.— UNSM  24198  closely  resembles  P4  of  Amphechinus  ironcloudi  (J.  R.  Macdonald, 
1970:20;  Rich  and  Rasmussen,  1973:23)  but  is  larger  (a-p,  3.07  mm;  tra,  1.68  mm;  trp,  2.00  mm); 
protoconid  largest  cusp;  paraconid  well  developed,  larger  than  metaconid,  separated  from  protoconid 
by  deep  valley;  trigonid  well  formed  and  widely  open  lingually;  talonid  wider  than  the  trigonid  but 
very  short  (anteroposteriorly);  posterior  margin  of  tooth  concave  posteriorly;  posterior  cingulid  small 
ridge  along  posterior  margin  of  tooth. 

— UNSM  24198  is  very  similar  to  P4S  from  elsewhere  in  the  Ari- 
kareean  of  North  America  referred  to  Amphechinus  ironcloudi  (J.  R.  Macdonald, 
1970).  UNSM  24198  has  a talonid  wider  than  the  trigonid,  as  in  A.  ironcloudi, 
but  is  approximately  15%  longer  anteroposteriorly  than  in  any  specimen  of  A. 
ironcloudi  (Rich  and  Rasmussen,  1973:table  4).  There  are  no  other  morphological 
differences  between  UNSM  24198  and  specimens  of  A.  ironcloudi. 

Parvericius  Koemer,  1 940 
Parvericius  voorhiesi,  new  species 
(Fig.  6,  7G,  Table  5) 

Holotype.— \J^SM  24167,  mandible  with  M2-M3. 

Referred  -UNSM  24168,  mandible  with  RP4~M2;  UNSM  24172,  mandible  with  RIj 

and  P4;  UNSM  24173,  mandible  with  RI,  and  P4;  UNSM  24174,  partial  mandible  with  LP4-M1; 
UNSM  24175,  partial  mandible  with  LP4;  UNSM  24176,  partial  mandible  with  RM3;  UNSM  24177, 
LM';  UNSM  24193,  LM,;  UNSM  24194,  partial  mandible  with  LM^;  UNSM  26530,  maxilla  with 
LP'-M'. 

Type  locality.  —UNSM  locality  Cr-1 17. 

Diagnosis.— size  of  P.  montanus;  M3  with  continuous  posterior  cingulid; 
well-developed  parastyle  on 

Etymology.— Fa.tTonym  for  M.  R.  Voorhies  in  acknowledgment  of  his  many  contributions  to  later 
Tertiary  vertebrate  paleontology  of  Nebraska. 

Description.— Mandible  narrow;  small  mental  foramen  below  center  of  P4;  I,  large,  oval  in  cross- 
section,  flattened  medially;  enamel  extends  to  level  of  alveolus  on  I,;  three  single  alveoli  anterior  to 
P4  (I2,  C,,  P2);  alveolus  for  P2  smaller  than  anterior  alveoli;  I2  and  C,  alveoli  opening  anterodorsally. 

P4  two-rooted;  protoconid  highest  cusp  of  trigonid;  metaconid  small  cuspule  on  posterolingual  slope 
of  protoconid  connected  by  sharp  crest;  paraconid  slightly  lower  than  protoconid,  separated  from 
protoconid  by  deep,  narrow  valley;  trigonid  subequal  in  length  and  width  to  talonid  (just  slightly 
narrower;  see  Table  5);  single  small  cuspule  present  on  talonid,  lingual  to  center  of  tooth  along  posterior 
margin;  no  distinct  cingulid  on  tooth. 
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I mm 

Fig.  6.— Dentitions  of  Parveridus  voorhiesi.  A,  UNSM  24177,  LM‘.  B,  C,  UNSM  24167  (holotype), 
LM2-M3.  B,  Occlusal  view.  C,  Buccal  view.  D,  UNSM  24168,  RP4-M2.  E,  F,  UNSM  24172,  partial 
mandible  with  RP4  and  I,.  E,  Occlusal  (dorsal)  view.  F,  Buccal  (lateral)  view. 


M,  is  larger  than  M2  with  anteroposteriorly  compressed  trigonid;  proportions  of  anterior  molars 
identical  to  those  reported  by  Rich  and  Rasmussen  (1973:39-40)  for  P.  montanus. 

Trigonid  of  M3  longer  than  wide;  paraconid  set  well  anterior  to  metaconid,  separated  from  protoconid 
by  deep,  sharp  valley;  protoconid  largest  trigonid  cusp,  closely  appressed  to  metaconid;  talonid  lacking; 
small  cingulid  originating  at  buccal  base  of  paraconid,  wrapping  around  tooth  along  buccal  side, 
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Table  5. --Measurements  of  dentitions  o/Parvericius  voorhiesi.  Measurements  in  mm. 


UNSM  no. 

24167 

TYPE 

24168 

24172 

24173 

24174 

24175 

24176 

24193 

24194 

h 

a-p 

0.74 

0.91 

tr 

0.58 

0.62 

P4 

a-p 

1.36 

1.55 

1.65 

1.46 

tra 

0.89 

0.72 

0.88 

0.86 

0.92 

trp 

0.84 

0.89 

0.95 

0.81 

0.92 

M. 

a-p 

2.30 

L98 

1.96 

tra 

1.46 

1.21 

1.27 

trp 

1.49 

1.12 

1.21 

M, 

a-p 

L72 

1.67 

1.90 

tra 

1.25 

1.22 

1.26 

trp 

1.15 

1.15 

1.15 

M3 

a-p 

0.80 

0.77 

tr 

0.77 

0.57 

UNSM  no. 

26530 

24193 

p3 

a-p 

1.30 

tr 

1.09 

p4 

a-p 

2.19 

tr 

2.09 

M' 

a-p 

2.15 

2.00 

tr 

2.38 

2.42 

continuing  along  posterior  side  of  tooth  to  base  of  metaconid;  tooth  single  rooted,  root  weakly  bifurcated 
on  hoiotype. 

Rich  and  Rasmussen  (1973)  described  the  buccal  half  of  of  P.  mmtanus,  the  remainder  of  the 
tooth  being  unknown.  The  buccal  half  of  the  of  P.  voorhiesi  is  identical  to  that  of  P.  montanus. 
The  lingual  half  of  the  tooth  is  much  narrower  (anteroposteriorly)  than  the  buccal  half.  The  only 
distinct  cusp  on  the  lingual  half  is  the  protocone  which  is  a small  conical  cusp  on  the  anterolingual 
edge  of  the  tooth.  Posterior  to  the  protocone,  there  is  a low  sloping  area  that  extends  posterolingually. 

P^  of  P.  voorhiesi  is  nearly  identical  to  that  of  P.  montanus  except  that  there  is  a well-developed 
parastyle  at  the  end  of  the  paracrista. 

M‘  is  equal  in  size  and  proportions  to  those  of  P.  montanus  (Rich  and  Rasmussen,  1973:table  6), 

Discussion. --Parveridus  voorhiesi  differs  from  the  type  species,  P.  montanus, 
only  in  the  presence  of  a posterior  cingulid  on  M3  and  a well-developed  parastyle 
on  P^.  The  species  are  otherwise  indistinguishable.  Rich  and  Rasmussen  (1973) 
named  Stenoechinus  tantalus,  another  Arikareean  erinaceid,  that  differs  from  P. 
montanus  in  only  two  features:  morphology  of  M3  (presence  of  posterior  cingulid 
and  second  root),  and  proportions  of  M‘  (relatively  wider  than  long).  Whereas  P. 
voorhiesi  does  have  the  posterior  cingulid  on  M3  as  in  Stenoechinus  it  is  not  as 
pronounced,  and  the  tooth  is  not  two-rooted.  The  upper  molars  of  P.  voorhiesi 
also  do  not  have  the  proportions  diagnostic  of  Stenoechinus. 

Parveridus  voorhiesi  is  the  second  species  of  this  genus  from  North  America. 
Specimens  identified  as  P.  montanus  from  the  Monroe  Creek  Formation  of  South 
Dakota  (L.  J.  Macdonald,  1972)  may  be  P.  voorhiesi.  This  is  not  certain  because 
the  diagnostic  M3  or  is  not  known  from  that  fauna.  The  only  specimen  figured 
as  M3  by  L.  J.  Macdonald  (1972:fig.  4D)  is  a marsupial  M4. 
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Order  Rodentia  Bowdich,  1821 
Family  Aplodontidae  Trouessart,  1897 
Subfamily  Allomyinae  Marsh,  1877 
AlwoodiaKtmhQTgQv,  1983 

Alwoodia  harkseni  (Macdonald,  1963),  new  combination 
(Fig.  7A-D;  Table  6) 

Allomys  harkseni  1963. 

Referred  specimens. 24005,  maxillary  fragment  with  RM‘  and  M^;  UNSM  24088,  LP'^; 
UNSM  24089,  isolated  upper  molars;  UNSM  24006,  24008,  24009,  24010,  24011,  24012,  isolated 
upper  and  lower  cheek  teeth. 

Emended  diagnosis.— EcpidiX  in  size  to  A.  magna;  minute  lophule  in  central 
transverse  valley  of  upper  molars  running  posteriorly  from  paracone;  fossettid 
posterior  to  m.esoconid  open  on  Mj,  closed  on  M2,  M3. 

Description.  —The  only  tooth  not  previously  described  for  harkseni  is  P^.  As  in  P4,  upper  premolar 
slightly  larger  than  nearly  all  upper  molars  (none  associated);  anterocone  large;  buccal  cusps  crescentic; 
mesostyle  large;  protoloph  not  continuous;  paracone  isolated;  protoconule  obliquely  compressed, 
connecting  weakly  to  protocone;  no  accessory  lophules  in  basins  of  teeth;  protocone  crest  short,  curving 
anteriorly;  metaconule  doubled,  not  connecting  with  protocone;  minute  cuspule  attached  to  lingual 
metaconule;  lingual  metaconule  much  larger  than  buccal  metaconule. 

Discussion.  —Rensberger  (1983),  in  his  description  of  the  genus  Alwoodia  (type 
species  A.  magna)  from  the  John  Day  Formation  of  Oregon,  suggested  that  Al- 
lomys  harkseni  from  South  Dakota  might  be  included  in  the  new  genus.  He  did 
not  include  it  because  the  specimens  previously  referred  to  A.  harkseni  (J.  R. 
Macdonald,  1963,  1970;  L.  J.  Macdonald,  1972)  probably  represented  more  than 
a single  species.  This  problem  was  also  noted  by  Bamosky  (1986).  The  aplodontid 
specimens  from  Cr-1 17  and  Cr-125  can  be  divided  into  two  distinct  types.  The 
larger,  more  lophate  specimens  are  A.  harkseni,  and  the  smaller  specimens  are 
referred  below  to  a new  species  of  Parallomys. 

Alwoodia  harkseni  is  equal  in  size  and  lophodonty  to  the  type  species  and  can 
be  referred  easily  to  this  genus  based  on  the  characters  diagnosed  by  Rensberger 
( 1983:43).  The  only  differences  between  A.  magna  and  harkseni  are  the  presence 

of  a minute  lophule,  arising  from  the  paracone,  in  the  central  valley  of  the  upper 
molars  of  A.  harkseni,  and  the  open  fossettid  posterior  to  the  mesoconid  on  Mj. 
In  A.  magna  there  is  no  accessory  lophule  on  the  upper  molars,  and  the  fossettid 
posterior  to  the  mesoconid  is  closed  on  all  of  the  lower  cheek  teeth,  not  just  the 
posterior  two  molars.  In  the  only  known  P4  of  A.  harkseni  from  South  Dakota 
(SDSM  6273),  the  fossettid  posterior  to  the  mesoconid  is  closed  lingually  as  in 
A.  magna  but  is  open  buccally,  unlike  the  opening  in  this  fossettid  on  Mj  of 
harkseni. 


Parallomys  KQmhtvgQX,  1983 
Parallomys  americanus,  new  species 
(Fig.  7E,  F;  Table  6) 

Holotype.—\]E\^M  24000,  isolated  LM^  or  M^. 

Referred  specimens. 24001,  24002,  24003,  24004,  24007,  24087,  all  isolated  lower  cheek 
teeth. 

Type  /ocfl/iYj;.— UNSM  locality  Cr-l  17. 
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Table  6. —Dental  measurements  of  aplodontid  and  sciurid  rodents  from  Cr-117  and  Cr-125.  Mea- 
surements in  mm. 


P4  M,  or  Mj  M3 

UNSM  no.  a-p  tra  trp  a-p  tra  trp  a-p  tra  trp 


Parallomys  americanus 


24004 

2.23 

2.10 

2.01 

24003 

2.31 

1.97 

2.19 

24001 

24007 

2.23 

1.80 

2.24 

2.97  2.19 

1.97 

Alwoodia  harkseni 

24008 

2.75 

1.98 

2.33 

24011 

2.74 

2.11 

2.54 

2.67  2.06 

1.97 

Nototamias  quadratus 

24017  1.19  0.97 

1.24  1.33 

1.27 

— 

24013 

1.42 

1.24 

1.44 

24015 

1.48 

1.20 

1.25 

Protosciurus  sp. 

24090 

3.12  2.61 

2.63 

p4 

M' 

or  M2 

M2 

a-p 

tr 

a-p 

tr 

a-p 

tr 

Parallomys  americanus 

2400  (type) 

2.20 

3.05 

Allwoodia  harkseni 

24088  3.20 

24005  (M>) 

3.29 

2.38 

3.05 

24005  (M2) 

2.42 

3.08 

24006 

2.60 

3.38 

24009 

2.48 

3.07 

24010 

2.54 

3.17 

Nototamias  quadratus 

24014  1.33 

24106 

1.39  (d) 

1.51 

1.83 

1.48 

1.73 

Protosciurus  sp. 

1.87 

2.14 

2.20 

2.57 

Diagnosis.— size  of  P.  ernii;  buccal  cusps  on  upper  molars  not  as  low- 
sloping  as  in  European  species;  anteroposterior  lophule  from  anteroconid  on  lower 
cheek  teeth  free  posteriorly. 

Etymology.— The  trivial  name  indicates  this  is  the  only  known  North  American  species  of  this 
otherwise  European  genus. 

Description. —SizQ  of  cheek  teeth  near  that  of  Parallomys  ernii  (Rensberger,  1983:33;  Table  6); 
accessory  lophs  on  cheek  teeth  low  and  short;  central  transverse  valley  of  upper  molar  simple  without 


Fig.  7.— Aplodontid  rodents  and  Parvericius  voorhiesi  from  the  Harrison  Formation,  Nebraska  and 
Sharps  Formation,  South  Dakota.  A-C,  Alwoodia  harkseni  from  Harrison  Formation.  A,  UNSM 
24088,  LP"*.  B,  UNSM  24005,  RM'-M^.  C,  UNSM  240 1 1 , RM2.  D,  A.  harkseni  from  Sharps  Formation, 
SDSM  6273,  LP4-M3,  E,  F,  Parallomys  americanus  from  Harrison  Formation.  E,  UNSM  24000 
(holotype),  LM’  or  M^,  F,  UNSM  24001,  LM,  or  M2.  G,  Parvericius  voorhiesi,  UNSM  26530,  LP^-M'. 
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lophules;  only  lophule  on  upper  molar  anterior  to  protoconule,  running  anterobuccally;  paracone  and 
metacone  crescentic,  paracone  more  lingual  than  metacone;  buccal  metaconule  smaller  than  lingual 
metaconule  and  buccolingually  compressed;  protoconule  and  lingual  metaconule  round;  hypocone 
small. 

Accessory  lophules  on  lower  molars  short,  shorter  than  in  Allomys  cristabrevis  (Bamosky,  1986); 
small  lophule  running  posteriorly  into  trigonid  basin  from  metaconid  or  center  of  metalophulid  I, 
ending  without  joining  other  lophules;  short  lingually  running  lophules  from  protoconid  and  mesoconid 
also  free  lingually;  entoconid  isolated  with  two  small  lophules,  one  running  directly  buccally  or  slightly 
posteriorly,  other  lophule  running  anteriorly  and  slightly  buccal;  hypoconulid  large;  anterior  lophule 
of  the  hypoconid  and  posterior  lophule  of  the  mesoconid  do  not  fuse  to  form  fossettid;  M3  elongate 
posteriorly. 

Discussion.  — The  weak  development  of  lophs  on  the  lower  molars  and  the  lack 
of  accessory  lophs  in  the  basins  of  the  cheek  teeth  of  P.  americanus  make  it 
referable  to  the  otherwise  European  genus  Par  allomys  and  distinct  from  Allomys 
and  other  North  American  allomyines.  The  buccolingual  compression  and  small 
size  of  the  buccal  metaconule  on  the  upper  molar  of  P.  americanus  most  closely 
resemble  the  condition  in  P.  macrodon  among  the  European  species. 

Family  Mylagaulidae  Cope,  1881a 
Promylagaulus  McGxq^ , 1941 

Type  species.— Promylagaulus  riggsi  McGrew  (1941). 

Range.— AnksLTQQSin  (latest  Oligocene  or  earliest  Miocene)  of  Nebraska  and 

South  Dakota. 

Emended  diagnosis.— mylagaulid;  cheek  teeth  more  hypsodont  than  Me- 
niscomys,  less  hypsodont  than  Mesogaulus;  with  lingually  expanded  anterocone; 
occlusal  outline  oval  in  early  stages  of  wear  and  more  square  in  late  stages  of 
wear;  four  persistent  fossettes  on  (posterolabial,  posterolingual,  anterolabial, 
anterolingual),  anterolabial  fossette  commonly  split  anteriorly;  P4  with  labial  in- 
flection large  and  expanded  posteriorly  with  two  small  persistent  fossettids  (an- 
terior and  posterior);  molars  with  dentine  tracts  on  the  anterior  and  posterior 
sides  of  the  teeth;  mesoconid  and  mesoconid  spur  lacking  on  lower  molars. 

Discussion. —RQnsbQYgQr  (1979)  reviewed  the  genus  Promylagaulus,  and  rec- 
ognized the  type  species  and  three  additional  species.  However,  the  large  sample 
of  specimens  from  Cr- 1 1 7 and  Cr- 125  has  led  to  the  recognition  of  a second  genus 
of  mylagaulid  (described  below),  to  which  all  but  the  type  species  of  Promyla- 
gaulus, P.  riggsi,  belong. 

Rensberger  (1 979)  provided  a historical  review  of  the  phylogenetic  relationships 
of  Promylagaulus  and  concluded,  contrary  to  previous  authors,  that  it  was  not 
ancestral  to  later  mylagaulids.  His  conclusions,  however,  were  based  mainly  on 
the  morphology  of  species  referred  here  to  a new  genus  (see  below).  Rensberger’s 
(1979:17)  conclusions  for  Promylagaulus  are  still  applicable  for  both  it  and  the 
new  genus.  Promylagaulus,  based  on  the  new  referred  material,  has  many  features 
that  are  unlike  those  of  the  species  of  the  new  genus,  and  which  make  it  a likely 
morphologic  ancestor  of  the  Hemingfordian  ''Mesogaulus''  novellus. 

The  primitive  features  of  Promylagaulus  and  the  Promylagaulinae  cited  by 
Rensberger  (1979,  1980;  lower  crown  height,  relatively  smaller  P^  , early  loss  of 
the  posterolabial  fossette  on  P"^)  do  not  eliminate  it  from  an  ancestral  position, 
but  clearly  indicate  its  primitive  morphology.  However,  Rensberger  (1980)  cited 
a number  of  characters  of  the  promylagaulines  that  removed  them  from  the 
ancestry  of  later  mylagaulines  (uninterrupted  labial  inflection  on  P4;  posterolabial 
compression  of  the  hypocone  on  the  molars;  single  fossette(-id)  persists  in  molars). 
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Though  the  cheek  tooth  morphology  of  Promylagaulus  and  the  new  genus  are 
distinct  from  one  another,  these  two  genera  share  one  derived  feature  that  is 
absent  in  Crucimys:  the  anterior  fossettid  on  the  lower  molars  is  divided  by  the 
metalophule  II.  This  feature  is  not  known  in  any  other  mylagaulid. 

Galbreath  (1984)  questioned  the  inclusion  of  Mesogaulus  novellus  in  Mesogau- 
lus  based  on  the  position  of  the  anteroconid  on  P4  (buccal  rather  than  lingual) 
and  the  common  separation  of  the  lingual  branch  of  the  anterolingual  fossette  on 
""Mesogaulus""  novellus  also  lacks  a mesoconid  crest  on  the  lower  molars  which 
is  present  on  the  molars  of  other  species  of  Mesogaulus.  In  two  of  these  features 
""M. ""  novellus  is  similar  to  P.  riggsi. 

An  accessory  fossette  on  some  specimens  of  P'^  of  P.  riggsi  that  occasionally 

fuses  with  the  anterolabial  fossette  forming  a '‘fork”  at  the  anterior  end  of  the 
fossette  is  also  seen  in  ""Mesogaulus""  novellus  (Black  and  Wood,  1956;  Munthe, 
1988).  In  later  species  of  mylagaulines  this  forked  fossette  is  always  united  and 
the  lingual  branch  is  never  isolated  (Gazin,  1932;  Storer,  1975;  Galbreath,  1984). 
The  lower  molars  of  P.  riggsi  lack  the  mesoconid  crest,  as  in  ""M.""  novellus.  These 
shared  characters  appear  to  unite  the  latter  two  species  and  separate  novellus  from 
the  genus  Mesogaulus. 

However,  the  teeth  of  ""M.""  novellus  are  higher-crowned  and  have  a more 
complex  pattern  of  fossettes(-ids)  than  do  those  of  P.  riggsi;  therefore  they  are 
not  congeneric.  ""Mesogaulus""  novellus  also  has  a strongly  developed  mesoconid 
crest  on  P4  (this  crest  is  lacking  in  promylagaulines),  and  the  anterior  fossettid  of 
the  molars  is  not  divided  as  in  Promylagaulus  and  the  new  genus.  The  devel- 
opment of  the  higher-crowned  and  more  complex  cheek  teeth  in  ""M.""  novellus 
is  viewed  as  a parallelism  with  Mesogaulus  and  the  mylagaulines. 

Promylagaulus  and  ""M.""  novellus  are  not  directly  ancestral  to  the  mylagaulines 
{Mesogaulus,  Mylagaulus,  Ceratogaulus,  Epigaulus),  and  neither  is  the  new  genus 
(Rensberger,  1979,  1980).  The  cladogram  of  relationships  of  the  promylagaulines 
presented  here  (Fig.  8)  is  similar  to  the  phylogeny  of  these  rodents  presented 
previously  by  Rensberger  (1980:text-fig.  6). 

Mylagaulodon  angulatus  from  the  Hemingfordian  deposits  of  the  John  Day 
Formation  (Sinclair,  1903)  has  frequently  been  suggested  as  the  ancestor  of  the 
mylagaulines.  However,  the  P"^  of  this  species  (Nichols,  1976:fig.  8C)  is  not  ex- 
panded anterolingually  as  in  mylagaulines,  Promylagaulus  and  the  new  genus, 
and  is  wider  (buccolingually)  than  long  (anteroposteriorly)  as  is  the  case  in  menis- 
comyines,  particularly  Niglarodon  (Rensberger,  1981,  1983).  Mylagaulodon  may 
be  a hypsodont  meniscomyine  and  not  a mylagaulid  at  all.  The  single  isolated  P"^ 
referred  by  Skwara  (1988)  to  Mylagaulodon  cf  M.  an^latus  (SMNH  PI 595.1) 
is  identical  to  referred  specimens  of  Mesogaulus  paniensis  from  Colorado  (Wilson, 
1960:fig.  48)  and  should  be  included  in  that  species.  Likewise,  the  P"^  (FMNH 
P26266)  from  the  Hemingfordian  Rosebud  Formation,  South  Dakota,  described 
and  figured  by  McGrew  (1941  :fig.  4,  1 Od)  as  Mylagaulodon  cf  angulatus,  is  within 
the  size  range  and  morphology  of  P^s  of  “M”  novellus  (Black  and  Wood,  1956; 
Munthe,  1988)  and  should  be  referred  to  the  latter  species. 


Promylagaulus  riggsi  McGrew,  1941 
(Fig.  9A-E;  Table  7) 

Referred  specimens. —From  Cr-l  17  and  Cr-125:  UNSM  81004,  maxilla  with  P^-M';  81013--81016, 
81021-81023,  81025,  81027-81030,  24130-24136,  isolated  P"s;  81002,  81003,  81005-81007,  8101 1, 
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Fig.  8.~Cladogram  of  relationships  of  promylagauline  mylagaulids.  Explanation  of  nodes:  1.  Myla- 
gaulidae:  subhypsodont  to  hypsodont  cheek  teeth,  occlusal  morphology  lost  in  early  wear,  only  series 
of  enamel  lakes  remain;  enamel  failure  on  anterior  and  posterior  margins  of  molars;  P'*  much  larger 
than  molars;  styles  reduced  or  absent  on  upper  teeth;  anterocone  of  expanded  lingually;  incisors 
broad  and  gentle  convex  anteriorly;  fossorial  adaptations  of  skull  and  skeleton  (see  Wahlert,  1972,  for 
additional  cranial  features).  2.  Promylagaulinae:  loss  of  mesoconid  crest  (=buccai  mesolophid)  on  P4, 
labial  inflection  deep  posteriorly;  molars  wear  to  single,  central  fossette  (-id);  posterior  labial  fossette 
lost  after  moderate  wear  in  P"*.  3.  Mesolophid  (=mesostylid  crest)  oriented  directly  transverse  (not 
oblique)  on  lower  molars.  4.  Anterior  fossettid  of  molars  divided  by  metalophulid  II.  5.  Anterolingual 
fossette  absent  or  very  shallow  on  P^;  anterolabial  fossette  widened  anteriorly  (triangular  in  shape)  on 
P^;  three  fossettes  persist  on  P4.  6.  Loss  of  mesoconid  crest  (=buccal  mesolophid)  on  molars,  labial 
inflection  deep  posteriorly;  lingual  branch  of  bifurcated  anterolabial  fossette  on  P'^  frequently  isolated, 
minute  fossette;  fossettes  of  P'^  elongate  (not  ovate).  7.  Lingual  fossettid  not  developed  on  P4,  lingual 
inflection  shallow.  8.  Anteroconid  on  P4  on  buccal  side  of  tooth;  mesoconid  crest  (=buccal  mesolophid) 
developed  on  P4;  greater  hypsodonty;  anterior  fossettid  on  molars  undivided;  increased  number  of 
fossettes  (-ids)  on  cheek  teeth.  9.  Mylagaulinae:  Enhanced  fossorial  adaptations  of  skull  and  skeleton 
(also  see  Fagan,  1960;  Wahlert,  1972);  larger  size;  marked  increase  in  hypsodonty  and  number  of 
fossettes  (-ids)  on  cheek  teeth;  anterior  molars  progressively  lost  with  eruption  of  much  enlarged 
premolar.  See  Rensberger  (1975)  and  Wahlert  (1972)  for  explanation  of  diagnostic  characters  of 
Aplodontoidea  and  Aplodontidae. 


24137,  24138,  mandibles  with  lower  cheek  teeth;  24139,  24140,  24147,  isolated  P4S;  24141,  24143, 
24146,  isolated  M,  or  MjS. 

Description. —Occ\us2l\  outline  of  P'^  oval  in  early  stages  of  wear  and  more  square  in  late  stages  of 
wear;  posterolabial  fossette  smaller  and  less  persistent  than  in  other  mylagaulids;  anterolingual  fossette 
persistent  and  anteroposteriorly  elongate  on  unworn  specimens,  becoming  oval  to  circular  with  wear; 
anterolabial  fossette  anteroposteriorly  elongate  and  transversely  narrow,  widest  anteriorly  and  oriented 
directly  anteroposteriorly;  posterolingual  fossette  expanded  anteroposteriorly  and  directed  labially 


1992 


Korth— Micromammals  from  the  Harrison  Formation 


93 


Fig.  9.— Mylagaulid  rodents  from  the  Harrison  Formation.  A-E,  Promylagauiis  riggsi.  A,  UNSM 
81013,  RPl  B,  UNSM  81004,  C,  UNSM  81015,  RF\  D,  UNSM  24137,  RP4--M..  E,  UNSM 

81006,  LP4-M3.  F-J,  Triiaccogauius  ovatus.  F,  UNSM  24152,  RP^  G,  UNSM  24151,  H, 

UNSM  81009,  RP4.  I,  UNSM  81007,  RP4.  J,  UNSM  24142,  LM,  or 
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Table  1.— Dental  measurements  o/’Promylagaulus  riggsi  <3/7^/ Trilaccogaulus  ovatus  from  Cr-117  and 
Cr-125.  Additional  abbreviations:  h,  height  of posterior  dentine  tract  from  highest  lingual  point  on  upper 
cheek  teeth  and  lowest  buccal  point  on  lower  cheek  teeth;  h/a-p,  ratio  of  height  of  dentine  tract  to 
anteroposterior  length  (premolars);  h/tr,  ratio  of  height  of  dentine  tract  to  transverse  width  (molars);  N, 
number  of  individuals;  M,  mean;  OR,  range;  S,  standard  deviation;  CV,  coefficient  of  variation.  Mea- 
surements in  mm. 


N 

M 

OR 

s 

CV 

Promylagaulus  riggsi 

p4 

a-p 

38 

3.49 

3.19-3.86 

.17 

5.0 

tr 

34 

2.66 

2.27-3.03 

.20 

7.4 

h 

34 

2.01 

1.31-2.76 

.34 

16.9 

h/a-p 

34 

0.57 

0.40-0.72 

.09 

15.6 

P4 

a-p 

18 

3.51 

3.11-3.79 

.16 

4.7 

tr 

18 

3.51 

1.73-2.22 

.11 

5.5 

h 

14 

1.78 

1.33-2.68 

.31 

17.5 

h/a-p 

13 

0.50 

0.38-0.71 

.09 

17.3 

M,  or  M2 

a-p 

23 

2.09 

1.86-2.37 

.14 

6.9 

tr 

20 

1.70 

1.51-1.81 

.08 

4.9 

h 

14 

1.53 

1.07-1.94 

.27 

17.4 

h/tr 

13 

0.89  0.64-1.14 

Trilaccogaulus  ovatus 

.15 

17.2 

p4 

a-p 

11 

3.63 

3.22-4.01 

.24 

6.7 

tr 

11 

3.08 

2.70-3.60 

.30 

9.7 

h 

6 

2.78 

2.51-3.20 

.24 

8.7 

h/a-p 

6 

0.80 

0.72-0.92 

.07 

8.4 

P4 

a-p 

4 

3.64 

3.45-3.81 

.13 

3.6 

tr 

3 

2.33 

2.20-2.45 

.10 

4.4 

h 

4 

1.99 

1.85-2.06 

.08 

4.1 

h/a-p 

4 

0.55 

0.49-0.60 

.04 

7.2 

M|  or  M2 

a-p 

8 

2.35 

1.86-2.69 

.27 

11.4 

tr 

8 

1.81 

1.58-1.94 

.13 

7.0 

h 

6 

1.97 

1.61-2.51 

.28 

14.3 

h/tr 

6 

1.11  0.96-1.32 

P.  riggsi  and  T.  ovatus  undifferentiated 

.13 

11.8 

M‘  or  M^ 

a-p 

30 

2.08 

1.88-2.32 

.13 

6.3 

tr 

28 

2.05 

1 88-2.18 

.10 

5.1 

h 

27 

1.87 

1.18-2.45 

.38 

20.4 

h/tr 

26 

0.92 

0.61-1.31 

.19 

20.6 

toward  the  center  of  the  tooth;  variable  presence  of  anterior  central  fossette  which  may  fuse  with 
anterolabial  fossette  to  form  a single  “forked”  fossette;  ratio  of  height  of  posterior  lingual  enamel  to 
anteroposterior  length  (h/a-p)  ranging  from  0.40  to  0.72  (mean  = 0.57). 

P4  with  labial  inflection  large  and  expanded  posteriorly,  closely  appressed  to  the  loph  connecting 
mesoconid  with  metalophulid  II  and  fusing  with  it  in  early  wear,  resulting  in  no  lingual  fossettid; 
lingual  inflection  deep  with  well-developed  mesostylid;  posterior  fossettid  small  and  disappears  with 
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moderate  wear;  anterior  fossettid  persistent  but  small;  ratio  of  height  of  posterior  buccal  enamel  to 
length  of  tooth  (h/a-p)  ranging  form  0.38  to  0.71  (mean  = 0.50). 

Lower  molars  have  the  mesoconid  and  spur  absent  on  all  unworn  to  moderately  worn  specimens; 
metastylid  crest  strong,  making  anterolingual  fossettid  buccolingually  compressed;  labial  inflection 
extending  far  posteriorly;  ratio  of  height  of  posterior  buccal  enamel  to  width  of  tooth  (h/tr)  ranging 
from  0.64  to  1.14  (mean  = 0.89). 


Discussion.  — The  crown  height  of  the  cheek  teeth  of  early  mylagaulids  has  been 
determined  by  measuring  the  height  of  the  dentine  tract  on  the  posterior  side  of 
the  tooth  and  creating  a ratio  by  dividing  it  by  either  the  length  (premolars)  or 
the  width  (molars)  of  the  tooth.  On  this  basis,  P.  riggsi  has  lower  crowned  P^s 
and  lower  molars  than  “P.”  ovatus  from  Cr-117  and  Cr-125  (see  Table  7),  but 
the  lower  premolars  are  of  equivalent  height.  The  height  of  the  dentine  tract  is 
variable  in  all  species  measured  and  often  has  coefficients  of  variation  ranging 
into  the  high  teens.  In  the  lower  molars  that  can  be  separated  into  species  based 
on  occlusal  morphology,  the  overlap  of  crown  height  ratios  (h/tr)  is  nearly  40%, 
but  the  mean  values  are  distinct  {P.  riggsi  0.89;  ‘T.”  ovatus  ^ 1.11).  The  crown 
height  index  for  P4  shows  complete  overlap  for  these  two  species.  Only  P'^  does 
not  overlap  in  the  range  of  this  index  (Fig.  10). 


Trilaccogaulus,  new  genus 

Type  species.  — Trilaccogaulus  lemhiensis  (Nichols,  1976). 

Referred  species.  — T.  ovatus  (Rensberger,  1979)  and  T.  montanensis  (Rensber- 
ger,  1979). 

Range.  — Arikareean  (latest  Oligocene  and  earliest  Miocene)  of  Idaho,  Montana, 
South  Dakota  and  Nebraska. 

Diagnosis.  — Small  mylagaulids;  hypsodonty  equal  to  that  of  Promylagaulus;  P"^ 

oval  in  occlusal  outline  with  only  three  persistent  fossettes  (anterolabial,  posterola- 
bial,  posterolingual);  P4  with  shallow  lingual  inflection  and  three  persistent  fos- 
settids  (anterior,  lingual,  posterior). 

Etymology.— Greek,  tri-,  three;  lakkos  lake;  gaulus,  bucket  (root  for  other  mylagaulids). 


Discussion. —Most  of  the  differences  between  Promylagaulus  and  Trilaccogau- 
lus occur  in  the  morphology  of  P4  . In  Trilaccogaulus  only  three  enamel  lakes  are 
present  in  moderately  worn  specimens  of  P"^.  Promylagaulus  retains  four  fossettes 
on  P'^  until  the  very  latest  stages  of  wear.  P^  of  Trilaccogaulus  lacks  an  anterolingual 
fossette  in  all  specimens  with  at  least  moderate  wear.  The  anterolabial  fossette  of 
Trilaccogaulus  is  expanded  anteriorly  and  that  of  Promylagaulus  is  always  narrow 
and  anteroposteriorly  elongate.  In  some  specimens  of  Promylagaulus  with  little 
or  no  wear,  there  is  a minute  accessory  fossette  anterior  to  the  anterolingual 
fossette.  In  some  specimens,  this  fossette  has  united  with  the  anterolabial  fossette 
to  form  a bifurcated  anterior  end  to  the  anterolabial  fossette  (a  character  also 
found  in  Mesogaulus,  Black  and  Wood,  1956;  Wilson,  1960).  The  ratio  of  buc- 
colingual  width  of  the  anterolabial  fossette  of  P^  to  the  transverse  width  of  the 
tooth  (Fig.  11)  ranges  from  0.26  in  T lemhiensis  to  a maximum  of  0.44  in  T. 
ovatus.  In  specimens  of  P.  riggsi  (not  including  lingual  bifurcation),  this  ratio  is 
markedly  lower,  and  ranges  from  0.07  to  0.20. 

Trilaccogaulus  always  maintains  an  oval  P"^  even  in  late  stages  of  wear.  The  P'^ 
of  Promylagaulus  is  oval  in  occlusal  outline  in  little  worn  and  moderately  worn 
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Fig.  10. —Comparison  of  crown  height  between  Trilaccogaulus  ovatus  and  Promylagaulus  riggsi  from 
McCann  Canyon  local  fauna  and  topotypic  material  of  T.  ovatus  from  South  Dakota.  Horizontal  lines 
represent  total  range,  heavy  bars  represent  one  standard  deviation,  and  vertical  lines  represent  mean 
values.  Data  for  T.  ovatus  from  South  Dakota  anthills  (LACM  locality  1871)  taken  from  Rensberger 
(1979).  See  text  and  Table  6 for  abbreviations. 
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Fig.  1 1.™  Ratio  of  anterior  buccolingual  width  of  the  anterolabial  fossette  of  versus  the  maximum 
transverse  width  of  P'*  (wab/tr)  in  Trilaccogaulus  and  Promylagaulus  riggsi.  Horizontal  bar  represents 
range,  vertical  line  demarks  mean  value. 


specimens,  but  is  more  squared  in  very  worn  specimens  such  as  the  holotype. 
The  angle  of  the  wear  facet  on  the  anterocone  of  of  P.  riggsi  was  cited  as  a 
species  character  by  Rensberger  (1 979).  With  a larger  sample  of  P.  riggsi  available, 
it  appears  that  this  character  is  variable  and  should  not  be  considered  diagnostic. 

P4  of  Trilaccogaulus  differs  from  that  of  Promylagaulus  in  the  possession  of  a 
lingual  fossettid  and  lack  of  development  of  the  posteriorlabial  inflection.  In 
Promylagaulus  no  lingual  fossettid  develops  mainly  due  to  the  shortness  of  the 
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metastylid  crest,  and  the  labial  inflection  is  wider  and  has  a well-pronounced 
posterior  extension.  The  P4  of  Trilaccogaulus,  like  P^,  possesses  three  large  fos- 
settids  on  moderately  and  well-worn  specimens.  The  posterior  fossettid  on  P4  of 
Trilaccogaulus  is  also  larger  and  more  persistent  than  that  of  Promylagaulus. 

The  lower  molars  of  P.  riggsi  differ  from  those  of  Trilaccogaulus  in  the  lack  of 
a mesoconid  or  buccally  directed  spur  from  the  mesoconid.  In  moderately  worn 
specimens  this  can  be  determined  by  the  anteroposterior  length  of  the  labial 
inflection.  In  P.  riggsi  it  extends  much  farther  posteriorly  than  in  Trilaccogaulus 
where  the  mesoconid  spur  has  fused  with  the  hypoconid,  in  early  stages  of  wear 
producing  a minute  fossettid,  then  resulting  in  a shallow  labial  inflection  that  does 
not  extend  posteriorly.  There  are  no  observable  differences  between  Promyla- 
gaulus and  Trilaccogaulus  in  the  occlusal  morphology  of  the  upper  molars,  man- 
dible, incisors  or  P^ 

No  morphological  differences  could  be  found  for  isolated  upper  molars  from 
Cr-1 17  and  Cr-125  to  separate  Promylagaulus  from  Trilaccogaulus  (Rensberger, 
1979:12-13).  If  the  range  of  crown  height  index  is  similar  to  that  of  the  lower 
molars,  the  teeth  with  the  highest  crowns  belong  to  T ovatus  and  those  with  the 
lowest  values  belong  to  P.  riggsi.  However,  if  an  equivalent  40%  overlap  occurs, 
determination  of  species  is  impossible.  Only  one  maxilla  with  associated  upper 
molar  and  P'^  (UNSM  81004)  is  present  in  the  UNSM  collections.  The  premolar 
is  of  P.  riggsi  morphology  and  crown  height,  and  the  M*  has  a crown  height  index 
(h/tr)  of  0.93,  which  is  in  the  middle  of  the  range  observed  (0.61  to  1.32),  most 
likely  in  the  area  of  overlap  between  the  two  species. 

Trilaccogaulus  ovatus  (Rensberger,  1979) 

(Fig.  lOF-J,  Table  7) 

Referred  spedmens.-¥mm  CrAll  and  Cr-125:  UNSM  81017-81020,  81026,  24149-24152,  P^s; 

81008,  81009,  24148,  P4S;  24142,  eight  isolated  lower  molars. 

Discussion.  — The  distinctive  characters  of  Trilaccogaulus  ovatus  were  described 
by  Rensberger  (1979).  Although  the  means  of  some  of  the  crown  height  mea- 
surements of  topotypic  specimens  of  T.  ovatus  from  South  Dakota  are  slightly 
different  from  those  of  the  Nebraska  material  (higher  on  lower  molars,  lower  on 
P4),  all  measurements  of  the  South  Dakota  material  are  within  the  observed  range 
of  measurements  of  the  referred  specimens  from  Cr-1 17  and  Cr-125  (Table  7). 

Family  Sciuridae  Gray,  1821 
Protosciurus  BXdick,  1963 
Protosciurus  sp. 

(Fig.  12A,  B;  Table  6) 

Referred  specimens. -UNSM  24018,  RP^;  UNSM  24019,  RM'  or  M^;  UNSM  24090,  RM3. 

Locality. -UNSM  locality  Cr-125. 

Description.— Small  species  of  Protosciurus  (Black,  1963: 147;  Table  6);  P'*  smaller  than  M';  parastyle 
buccolingually  elongate,  widely  separated  from  paracone;  protoloph  running  directly  lingually  from 
paracone  to  protocone;  no  indication  of  protoconule;  mesostyle  moderately  large;  metaconule  large, 
circular;  metaloph  not  continuous  to  protocone;  posterior  cingulum  extending  entire  width  of  tooth. 

Anterior  cingulum  extending  entire  width  of  M',  widely  separated  from  protoloph;  no  evidence  of 
protoconule  on  protoloph;  mesostylid  relatively  large;  metaconule  large,  round;  metaconule  connected 
to  protocone  by  weak  loph. 

M3  with  small  anteroconid  in  place  of  anterior  cingulum;  trigonid  open  posteriorly,  partially  blocked 
by  short  posterior  arm  of  protoconid;  metaconid  highest  cusp;  entoconid  lingually  placed;  ectolophid 
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Fig.  12.~Scmrids  from  the  Harrison  Formation.  A,  B,  Protosdurus  sp.  A,  UNSM  24109,  RM‘  or  M^. 
B,  UNSM  24090,  RM3.  C-E,  Nototamias  quadratus.  C,  UNSM  24103  (holotype),  LM,.  D,  UNSM 
24106,  LM^-M^.  E,  UNSM  24107,  LP4~M,  (part). 


narrow,  weak  loph;  entoconid  reduced  to  size  of  mesostylid;  posterolophid  running  into  series  of  three 
cuspules  (including  entoconid)  at  posterolingual  comer  of  tooth. 

Discussion.  — Among  the  Arikareean  species  of  Protosdurus,  the  McCann  Can- 
yon specimens  most  closely  approach  P.  rachelae  in  size  but  are  morphologically 
closer  to  P.  condoni  (both  species  are  known  from  the  John  Day  Formation, 
Oregon).  The  distinct,  large  metaconule  on  M*  of  the  McCann  Canyon  material 
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(UNSM  240 1 9)  is  present  on  upper  molars  of  P.  condoni,  but  in  the  latter  is  much 
larger  than  in  the  Nebraska  specimens.  Conversely,  specimens  of  P.  rachelae  are 
nearly  equal  in  size  to  the  Nebraska  specimens  but  the  upper  molars  lack  conules. 

A single  specimen  from  the  Monroe  Creek  Formation,  Wounded  Knee  area, 
South  Dakota  (SDSM  633)  was  referred  by  J.  R.  Macdonald  (1970)  to  Protosciurus 
sp.  This  specimen  is  a partial  maxilla  with  M^-M^  The  cheek  teeth  of  this  specimen 
are  much  larger  than  those  of  the  Nebraska  specimens  (near  size  of  P.  condoni) 
and  lack  conules.  L.  J.  Macdonald  (1972)  referred  several  isolated  teeth  from  the 
Monroe  Creek  Formation  (anthill  fauna)  to  ‘‘Sciurid,  large  species.”  These  spec- 
imens agree  in  morphology  with  the  Nebraska  specimens  of  Protosciurus  sp.,  but 
are  slightly  larger.  It  is  likely  that  these  South  Dakota  specimens  are  the  same 
species  as  the  Nebraska  material.  When  a larger  collection  from  Nebraska  is 
known,  the  size  ranges  of  these  two  populations  may  converge. 

The  Nebraska  specimens  clearly  belong  to  a species  of  Protosciurus  not  pre- 
viously described.  At  present  the  Protosciurus  from  Nebraska  is  too  poorly  rep- 
resented to  name  a new  species. 

Nototamias  Pratt  and  Morgan,  1989 

Nototamias  quadratus,  new  species 
(Fig.  12C-E;  Table  6) 

Sciurid,  small  species  L.  Macdonald,  1972. 

Holotype. 24013,  isolated  LM,  or  M2. 

Referred  specimens.  — 24016,  partial  maxilla  with  LM--M^;  UNSM  24016,  partial  mandible 
with  LP4-M,;  UNSM  24014,  RdP^;  UNSM  24106,  LM,  or  M2;  UNSM  24106,  RM3. 

Type  locality.— locality  Cr-1 17. 

Diagnosis.— ComxlQS  lacking  on  protoloph  and  metaloph  on  upper  molars;  en- 
toconid  and  mesostylid  distinct  and  separate  by  narrow  valley  on  lower  molars; 
metalophulid  I and  metalophulid  II  continuous  on  Mj  and  M2. 

Etymology.  — quadratus,  squared. 

Description.  — DP^  small,  triangular;  parastyle  large,  widely  separated  from  paracone;  no  protoconule 
on  protoloph;  mesostyle  distinct,  connecting  to  apex  of  paracone  by  short  loph;  hypocone  crescentic, 
lingual  to  protocone;  metaconule  large  and  buccolingually  elongate. 

M^  with  parallel  anterior  and  posterior  margins;  anterior  and  posterior  cingula  widely  separated 
from  proto-  and  metalophs;  proto-  and  metalophs  low,  continuous  lophs,  connecting  to  anteropos- 
teriorly-broadened,  crescentic  protocone;  no  conules  present;  mesostyle  relatively  large.  M^  as  in  M^ 
but  lacking  metaloph  and  metacone,  not  expanded  posteriorly. 

Lower  molars  with  squared  posterolingual  comer,  trigonid  slightly  narrower  buccolingually;  anterior 
cingulum  (metalophulid  I)  continuous  with  protoconid;  anteroconid  present  only  on  holotype  with 
weak  groove  separating  protoconid  (M,);  anteroconid  and  protoconid  groove  absent  on  M2S;  metaloph- 
ulid II  low,  complete  from  protoconid  to  metaconid  closing  trigonid  basin  posteriorly;  mesostylid 
distinct,  round;  mesoconid  absent;  entoconid  continuous  with  posterolophid,  distinct;  narrow,  deep 
valley  separating  entoconid  and  mesostylid;  two  roots  present  on  all  lower  cheek  teeth,  both  anterior 
and  posterior  roots  buccolingually  elongate. 

M3  elongate  posteriorly;  trigonid  open  posteriorly;  entoconid  indistinguishable  part  of  posterolophid; 
narrow  valley  separating  metaconid  from  anterior  extension  of  posterolophid. 

P4  similar  to  molars  but  smaller;  trigonid  much  narrower,  closed  anteriorly  and  posteriorly  as  in 
molars. 

Discussion. —The  lower  molars  of  the  small  sciruid  from  the  McCann  Canyon 
fauna  can  be  referred  to  Nototamias  as  diagnosed  by  Pratt  and  Morgan  (1989:95) 
based  on:  1)  absence  of  a mesoconid;  2)  presence  of  a distinct  metastylid;  3) 
reduction  of  the  anterolabial  groove;  and  4)  having  two  roots  on  the  lower  molars. 
The  upper  molars  are  similarly  referable  to  Nototamias  because  they  lack  a meta- 


1992 


Korth— Micromammals  from  the  Harrison  Formation 


101 


conule.  No  mandibles  of  N.  quadratus  are  known  so  none  of  the  characters  of  the 
mandible  used  to  separate  Nototamias  from  Tamias  and  Eutamias  can  be  com- 
pared. 

Black  (1963)  described  Tamias  sp.  from  the  Sharps  Formation,  South  Dakota. 
The  specimens  here  referred  to  Nototamias  quadratus  differ  from  those  specimens 
only  in  the  enclosed  trigonid  on  P4.  The  dental  feature  of  N.  quadratus  that 
separates  it  from  all  other  Tertiary  and  Recent  species  of  Nototamias,  Tamias 
and  Eutamias  is  the  more  distinct  entoconid  (reduced  to  part  of  a continuous 
posterolophid  in  all  other  species)  that  is  more  posteriorly  positioned  and  sepa- 
rated from  the  mesostylid  by  a narrow  valley.  The  complete  metalophulid  II  in 
the  lower  cheek  teeth  of  N.  quadratus  is  present  in  Barstovian  and  Hemingfordian 
tamiines  but  not  in  those  from  the  early  Arikareean  Sharps  Formation. 

L.  J.  Macdonald  (1972)  described  several  specimens  of  a small  sciurid  from  an 
anthill  collection  of  the  Monroe  Creek  Formation,  South  Dakota.  Those  specimens 
agree  in  size  and  morphology  with  the  Nebraska  specimens  of  N.  quadratus  and 
should  be  referred  to  that  species. 

Pratt  and  Morgan  (1989:%.  2,  node  4)  considered  the  two-rooted  lower  molars 
of  Nototamias  as  derived,  and  the  four-rooted  lower  molars  of  Eutamias  and 
Tamias  as  primitive.  However,  the  number  and  shape  of  lower  molar  roots  of 
Nototamias  are  similar  to  those  of  the  earliest  sciurids,  and  also  those  of  the 
ischyromyids  from  which  the  sciurids  were  derived  (Wood,  1962;  Korth,  1984). 
Thus,  it  is  more  likely  that  the  four-rooted  condition  of  the  lower  molars  is  derived. 

Family  Castoridae  Gray,  1821 
Palaeocastor  cf  P.  simplicidens  (Matthew,  1907) 

Referred  specimens. ~-¥\M  64614,  fragmentary  mandible  with  RP4--M3;  and  UNSM  24154  to 
24158,  85  isolated  teeth. 

Discussion. —Tht  single  specimen  (FAM  64614)  originally  identified  as  Pa- 
laeocastor fossor  by  Skinner  et  al.  (1977)  was  later  referred  to  Euhapsis  barbouri 
(Skinner  and  Johnson,  1984)  based  on  identification  by  T.  M.  Stout.  L.  D.  Martin 
(1987)  erected  a new  genus,  Pseudopalaeocastor,  for  P.  barbouri.  However,  spec- 
imens from  Cr-1 17  and  Cr-125  do  not  appear  to  be  referable  to  P.  barbouri  (sensu 
Martin,  1987).  The  single  partial  mandible  with  all  of  the  cheek  teeth  present 
(FAM  64614)  is  too  large  to  represent  P.  barbouri  (total  anteroposterior  length  of 
lower  cheek  tooth  row  13.7  mm).  P4  is  much  more  elongate  in  FAM  65614  than 
in  figured  specimens  of  P.  barbouri  (Stirton,  1935:fig.  39),  and  more  nearly  ap- 
proaches the  size  and  morphology  of  the  lower  premolar  in  Palaeocastor  simpli- 
cidens. 

Since  cranial  features  rather  than  dental  characters  of  the  cheek  teeth  are  di- 
agnostic for  palaeocastorine  beavers  (L.  D.  Martin,  1987),  it  is  difficult  to  make 
a specific  identification  based  on  the  material  at  hand  (isolated  cheek  teeth  only). 
Based  on  the  size  and  shape  of  the  incisors  available,  the  material  most  likely 
represents  Palaeocastor  simplicidens. 

Family  Heteromidae  Gray,  1868 
Subfamily  ?Heteromyinae  Gray,  1868 
Hitonkala  Macdonald,  1963 

Type  species.— H.  andersontau  1963. 

Arikareean  (late  Oligocene  to  early  Miocene)  of  South  Dakota  and 

Nebraska. 
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Emended  diagnosis.  SmdiW  heteromyid,  near  size  of  most  species  of  Prohet- 
eromys\  P4  highly  molariform  with  three  major  cusps  on  metaloph  (metaconid, 
protoconid,  parastylid);  anterior  cingulum  on  upper  molars  running  entire  width 
of  tooth  and  continuous  across  lingual  length  of  tooth  on  M^-M^  with  stylar  cusps 
reduced  or  absent;  lingual  cingulum  on  cut  by  narrow  valley  between  protosty- 
lid  and  hypostylid. 

Discussion. —Tht  molariform  P4  of  Hitonkala  is  seen  elsewhere  among  the 
heteromyids  only  in  the  later  Tertiary  Oregonomys  J.  E.  Martin  (1984)  and  Recent 
Heteromys  and  Liomys  (Wood,  1935).  Hitonkala  is  separable  from  these  genera 
by  the  lower  crown  height  of  the  cheek  teeth  and  the  morphology  of  the  lingual 
cingulum  on  the  upper  molars.  Contemporaneous  species  of  Proheteromys  lack 
the  molarization  of  P4  as  well  as  the  configuration  of  the  anterior  and  lingual 
cingula  on  the  upper  molars.  In  all  species  of  Proheteromys  the  lingual  cingulum 
on  the  upper  molars  (at  least  M'  and  M^)  is  interrupted  by  a narrow  valley  at  its 
center,  and  two  stylar  cusps  are  present.  In  Hitonkala,  the  cingulum  is  continuous 
and  lacks  styles  on  and 

It  is  difficult  to  assign  Hitonkala  to  a known  subfamily  of  the  Heteromyidae. 
The  morphology  of  P4  most  closely  resembles  that  of  heteromyines  (Wood,  1935) 
but  the  cranial  criteria  used  for  separating  the  subfamilies  of  heteromyids  (Wahlert, 
1985)  have  not  been  determined  for  Hitonkala.  Two  partial  skulls  of  H.  ander- 
sontau  (J.  R.  Macdonald,  1963,  1970)  are  currently  known,  which  should  provide 
enough  data  to  determine  the  subfamilial  rank  of  Hitonkala. 

Hitonkala  macdonaldtau,  new  species 

(Fig.  13B™D;  Table  8) 

//o/o/3;/?^.-UNSM  24024,  maxilla  with  LP^-M^. 

Referred  specimens.-\jmM  24025,  24027,  24029,  24031,  24032,  24033,  24034,  24035,  partial 
maxillae  with  upper  cheek  teeth;  UNSM  24036,  24103,  mandibles  with  cheek  teeth;  UNSM  24037, 
mandible  with  I,;  UNSM  24023,  24038,  isolated  cheek  teeth. 

Type  UNSM  locality  Cr-1 17. 

Diagnosis.  ~^\ighX\y  larger  than  H.  andersontau  (J.  R.  Macdonald,  1963:table 
10;  Table  8);  accessory  cusps  on  protoloph  of  P^;  P4  with  lower,  more  posterior 
protoconid. 

Etymology. — V^Lironym  for  J.  R.  Macdonald;  tau,  Sioux  possessive  ending. 

Description. — Meindihlt  shallow;  masseteric  scar  typical  for  heteromyid  (see  Wood,  1935);  diastema 
long,  shallow;  I,  laterally  compressed,  convex  anteriorly,  flattened  medially  and  laterally;  enamel 
extending  slightly  higher  on  lateral  side  of  tooth  than  on  medial. 

P4  with  protostyle  and  metaconid  subequal;  anteroconid  small,  distinct,  anterior  to  metaconid  and 
protostyle;  protocone  low  swelling  posterior  to  other  metalophid  cusps;  narrow  ridge  extending  pos- 
teriorly from  metaconid  on  UNSM  24036,  along  lingual  side  of  low  protoconid;  hypolophid  consisting 
of  hypoconid  and  entoconid,  no  hypostylid;  small  hypoconulid  on  UNSM  24036;  hypolophid  wider 
than  metalophid. 

M,  and  Mj  nearly  identical;  M2  slightly  smaller;  stylar  cusps  distinct,  making  tooth  bilophate  (three 
cusps  each  loph);  anterior  cingulum  extending  from  center  of  anterior  margin  of  protoconid  around 
anterobuccal  comer  of  tooth,  ending  posteriorly  at  protostyle,  slightly  posterior  to  protoconid;  posterior 
cingulum  variably  present  on  M,;  absent  on  M2. 

M3  metalophid  as  in  anterior  molars;  hypolophid  lacking  hypostylid;  M3  smaller  than  anterior  molars, 
largest  upper  cheek  tooth;  protoloph  dominated  by  large,  circular  protocone;  accessory  cusps 
present  on  all  unworn  specimens  except  UNSM  24034  which  has  buccolingually  elongate  protocone; 
two  specimens  with  both  paracone  and  protostyle,  three  specimens  with  paracone  only,  one  specimen 
with  protostyle  only  (all  others  worn);  metaloph  three-cusped;  hypostyle  and  metacone  subequal  in 
size;  hypostyle  not  extending  anterior  to  hypocone. 
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Table  ^.—Dental  measurements  of  heteromyid  rodents  from  Cr-117  and  Cr=125.  Measurements 

in  mm. 


p4 

M' 

M2 

UNSM  no. 

a-p 

tr 

a-p 

tr 

a-p 

tr 

Hitonkala  macdonaldtau 

24023 

1.45 

1.66 

24023 

1.66 

1.79 

24024 

1.72 

1.76 

1.25 

1.71 

1.15 

1.54  (type) 

24025 

24027 

1.52 

1.65 

1.39 

1.82 

1.27 

1.69 

24029 

1.48 

1.70 

24031 

1.44 

1.61 

1.14 

1.55 

24032 

1.68 

1.64 

1.25 

1.60 

24033 

1.43 

1.72 

24034 

1.50 

1.76 

24035 

1.59 

1.66 

Proheteromys  sp. 

24026 

1.34 

1.60 

24028 

1.30 

1.59 

1.11 

1.41 

24030 

1.25 

1.53 

1.12 

1.51 

P4 

M, 

M, 

M3 

a-p  tra 

trp 

a-p 

tra 

trp  a-p 

tra 

trp 

a-p  tra  trp 

Hitonkala  macdonaldtau 

24036 

1.20  0.88 

1.10 

1.38 

1.41 

1.41 

24103 

1.14  0.98 

1.08 

1.31 

1.29 

1.35  1.29 

1.41 

1.33 

1.25  1.27  1.10 

M'  largest  molar;  both  protoloph  and  metaloph  three-cusped;  stylar  cusps  nearly  equal  to  major 
cusps  in  size;  lingual  cingulum  broken  at  central  transverse  valley  between  lophs;  anterior  cingulum 
originating  at  anterior  margin  of  paracone,  running  continuously  around  anterolingual  comer  of  tooth, 
terminating  posteriorly  at  protostyle;  no  posterior  cingulum. 

similar  to  M'  except  lingual  cingulum  continuous,  blocking  central  transverse  valley  lingually; 
stylar  cusps  present  but  low. 

not  preserved  but  alveolus  present  in  holotype;  smaller  than  M^. 

Discussion. —Tht  morphology  of  P4  (three-cusped  metalophid)  and  the  upper 
molars  (broken  lingual  cingulum  on  continuous  on  M^)  makes  this  species 
clearly  referable  to  Hitonkala.  Hitonkala  macdonaldtau  differs  from  H.  under- 
sontau  in  its  larger  size,  the  presence  of  accessory  cusps  on  the  protoloph  of 
and  the  lower,  smaller  protoconid  on  P4.  The  size  and  greater  complexity  of  P^ 
of  H.  macdonaldtau  are  derived  conditions  compared  to  the  older  H.  andersontau 
from  the  early  Arikareean  Sharps  Formation. 

Proheteromys  W ood,  1932 
Proheteromys  sp. 

(Fig.  13 A;  Table  8) 

Referred  5pedm^/i5.~UNSM  24026,  24028,  and  24030,  partial  maxillae  with  cheek  teeth. 

Discussion. —ThQ  three  maxillae  referred  here  to  Proheteromys  sp.  differ  from 
the  material  referred  above  to  H.  macdonaldtau  in  being  smaller  and  having  no 
accessory  cusps  on  the  protocone  of  P"^, 
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Currently,  the  systematics  of  Proheteromys  is  confused.  Twelve  species  referred 
to  this  genus  range  in  age  from  Orellan  (Galbreath,  1953)  to  Barstovian  (James, 
1963).  Geographically,  the  species  of  Proheteromys  range  from  Florida  (Wood, 
1932)  to  California  (James,  1963)  and  Saskatchewan  (Skwara,  1988).  J.  R.  Mac- 
donald (1963,  1970)  recognized  four  species  from  the  Arikareean  of  South  Dakota; 
P.  fedti,  P.  gremmelsi,  and  P.  bumpi  from  the  Sharps  Formation,  and  P.  ironcloudi 
from  the  overlying  Monroe  Creek  Formation.  It  is  also  possible  that  P.  parvus 
(Troxell,  1923)  may  represent  an  Arikareean  species  from  Colorado  (see  Wood, 
1935:171  for  discussion  of  age).  J.  R.  Macdonald  (1970)  questioned  whether  all 
three  species  recognized  from  the  Sharps  Formation  were  real  or  individual  var- 
iants of  one  species.  Due  to  the  small  sample  size,  he  was  unable  to  define  the 
range  of  morphological  variation  and  consequently  maintained  all  three  species 
as  distinct. 

L.  D.  Martin  (1973),  on  the  basis  of  a single  specimen  from  the  Gering  For- 
mation of  Nebraska,  suggested  that  the  Sharps  “species”  should  be  included  under 
P.  fedti.  However,  if  measurements  of  all  the  known  specimens  from  the  Sharps 
are  combined  (J.  R.  Macdonald,  1970:tables  24,  25,  26),  the  coefficients  of  vari- 
ation are  high  (some  over  ten),  which  makes  it  unlikely  that  only  one  species  is 
represented.  It  appears  most  likely,  based  on  dental  measurements,  that  P.  grem- 
melsi and  P.  bumpi  may  be  conspecific.  Specimens  referred  to  P.  fedti  are  signif- 
icantly smaller  than  those  of  P.  gremmelsi  and  P.  bumpi,  and  may  represent  a 
distinct  species. 

Proheteromys  parvus  has  dental  measurements  very  near  those  of  P.  fedti  (Wood, 
1935:table  II),  and  has  only  a minor  variation  of  P4  (lack  of  minute  anteroconid). 
It  is  possible  that  P.  fedti  and  P.  parvus  are  synonymous. 

All  of  the  specimens  from  Cr-1 17  and  Cr-125  are  maxillae  with  upper  cheek 
teeth.  As  none  of  the  described  Arikareean  species  of  Proheteromys  are  currently 
known  from  upper  cheek  teeth,  no  direct  comparison  can  be  made.  However,  in 
size  (Table  8)  the  Nebraska  specimens  most  closely  match  specimens  of  P.  fedti. 


Family  Florentiamyidae  Wood,  1936^ 

S anctimus  Mdicdon^ild,  1970 
Sanctimus  cf  S.  stuartae  Macdonald,  1970 
(Fig.  14G-L;  Table  9) 

Referred  specimens.-U^M  24095  and  24096,  isolated  P'^s;  UNSM  24100,  RP4;  UNSM  24099, 
LdP4;  UNSM  24097,  isolated  upper  molar;  UNSM  24101,  four  isolated  upper  molars;  UNSM  24102, 
seven  isolated  lower  molars;  UNSM  24098,  LM3. 

Description.— (UNSM  24095)  as  described  for  S.  stuartae  and  S.  stouti  (J.  R.  Macdonald,  1970; 
Wahlert,  1983),  valley  between  hypostyle  and  entostyle  deeper;  UNSM  24096  lacking  protostyle. 

Both  lower  and  upper  molars  typical  for  florentiamyid;  anterior  cingulid  present  on  half  of  referred 
lower  molars;  intermediate  in  size  between  S.  stuartae  (J.  R.  Macdonald,  1970:table  28)  and  S.  stouti 
(Wahlert,  1983:tables  2,  3;  Table  9). 

P4  with  single,  anteroposteriorly  elongate  protostylid,  subequal  to  metaconid  in  size;  protoconid 

small,  central,  slightly  closer  to  metaconid  than  protostylid;  hypoconid  and  entoconid  large,  equal  in 
size;  hypostylid  small;  minute  cuspule  in  central  transverse  valley  anterior  to  hypoconid;  minute 
hypoconulid  present. 


Fig.  13.— Heteromyid  rodents  from  the  Harrison  Formation.  A,  Proheteromys  sp.,  UNSM  24030, 
LP‘’~M'.  B-D,  Hitonkala  macdonaldtau.  B,  UNSM  24024  (holotype),  LP^-M^.  C,  UNSM  24103,  LP4- 
M3.  D,  UNSM  24103,  lateral  view  of  mandible. 
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Fig.  14.“-Eomyids  and  florentiamyids  from  the  Harrison  Formation,  Nebraska.  A,  B,  Arikareeomys 
skinned.  A,  UNSM  81031  (holotype),  partial  maxilla  with  LP‘^-M‘.  B,  UNSM  24153,  LP4  (part).  C- 
E,  Pseudothendomys  sp.  C,  UNSM  81091,  LP^  D,  UNSM  24104,  RM^  E,  UNSM  81032,  LP4.  F, 
Florentiamys  sp.,  UNSM  24094,  RP^.  G-L,  Sanctimus  cf.  S.  stuadae.  G,  UNSM  24096,  RP‘^.  H, 
UNSM  24095,  LP^  I,  UNSM  24099,  LdP4.  J,  UNSM  24100,  RP4.  K,  UNSM  24102,  RM.  or  M^.  L, 
UNSM  24102,  RM,  or  M2. 
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Table  9.— Dental  measurements  o/Sanctimus  cf.  S.  stuartae  from  Cr-117  and  Cr-125.  Measurements 

in  mm. 


UNSM  no. 


M'  or  M^ 


M|  or  Mj 


a-p  tra  trp  a-p  tr  a-p  tra  trp  a-p  tra  trp 


1.25 

1.64 

24095  2.10  2.16  2.41 

24096  2.28  1.95  2.43 


24097 

1.98 

24101 

1.78 

24101 

1.91 

24101 

1.83 

24101 

1.86 

24099 

24100 

24102 

24102 

24102 

24102 

24102 

24102 

24102 

47 

36 

50 

39 

57 

1.87  1.42  (d) 
1.93  1.80 


1.83 

2.16 

1.98 

1.76 

2.06 

1.96 

1.91 

1.96 

1.97 

1.82 

2.30 

2.20 

1.83 

2.20 

2.08 

1.86 

2.16 

2.12 

1.86 

2.12 

1.96 

DP4  smaller  than  P4;  anteroposteriorly  elongate;  major  cusps  (protoconid,  metaconid,  hypoconid, 
entoconid)  equal  in  size;  stylar  cusps  small;  anterior  cingulid  convex  anteriorly  running  from  anterior 
margin  of  metaconid  to  protostylid;  protoconid  isolated  in  trigonid  basin;  minute  hypoconulid  present. 

Discussion.— only  major  difference  between  Sanctimus  stuartae  from  the 
Sharps  Formation  in  South  Dakota  (J.  R.  Macdonald,  1970)  and  S.  stouti  from 
the  Monroe  Creek  Formation  in  Wyoming  (Wahlert,  1983)  is  size.  Sanctimus 
stouti  is  slightly  larger.  The  UNSM  material  from  the  McCann  Canyon  fauna  is 
intermediate  in  size  between  these  two  species.  The  only  dental  feature  used  to 
separate  these  species  is  the  presence  of  a hypostylid  on  P4  of  S.  stouti,  and  its 
absence  on  specimens  of  5*.  stuartae.  But  this  cusp  on  UNSM  24100  from  Cr- 
1 1 7 and  the  type  of  S.  stouti  is  minute  and  suggests  variation  within  a single 
species.  Hence,  it  seems  more  appropriate  to  recognize  a single  species  of  Sanc- 
timus with  a slight  size  increase  over  time. 

The  lack  of  a protostyle  on  one  (UNSM  24096)  is  a condition  unknown  in 
species  of  Sanctimus.  However,  it  does  occur  in  a single  species  of  Florentiamys. 
Wahlert  (1983)  named  Florentiamys  kennethi  (based  on  the  holotype  only),  which 
also  lacked  this  cusp,  arguing  that  the  protostyle  had  fused  with  the  entostyle. 
Because  UNSM  24096  is  identical  in  all  other  features  with  another  P"^  from  Cr- 
117  (UNSM  24095)  which  has  a protostyle,  it  is  believed  that  they  both  represent 
the  same  species  and  that  the  lack  of  a protostyle  is  variable  and  not  a distinction 
between  species.  Since  most  species  of  Florentiamys  and  Sanctimus  are  known 
from  one  or  only  a few  specimens,  the  full  extent  of  character  variation  is  not 
fully  understood. 

The  variable  presence  of  an  anterior  cingulid  on  the  lower  molars  of  Sanctimus 
from  the  McCann  Canyon  fauna  also  suggests  that  another  synonymy  among 
florentiamyids  is  possible.  The  only  difference  cited  by  Wahlert  (1983)  between 
Florentiamys  loomisi  and  F.  kingi  is  the  anterior  cingulid  omthe  lower  molars. 
On  the  holotype  and  only  specimen  of  F.  kingi,  the  lower  molars  are  worn  and 


108 


Annals  of  Carnegie  Museum 


VOL.  61 


no  evidence  of  an  anterior  cingulid  can  be  detected.  Therefore,  it  is  quite  likely 
that  F.  kingi  is  a junior  synonym  of  the  type  species  of  the  genus,  F.  loomisi. 

Florentiamys'^ood,  1936^? 

Florentiamys  sp. 

(Fig.  14F) 

Referred  specimen. 24094,  RP^ 

— UNSM  locality  Cr-1 17. 

Discussion.  — UNSM  24094  is  smaller  than  the  upper  premolars  referred  above 
to  Sanctimus,  has  a protostyle  more  closely  appressed  to  the  entostyle  as  in 
Florentiamys',  in  Sanctimus  the  protostyle  is  closer  to  the  protocone.  UNSM  24094 
is  smaller  than  any  previously  described  specimen  of  Florentiamys  (a-p,  1 .89  mm; 
tra,  1.80  mm;  trp,  2.15  mm;  also  see  Wahlert,  1983:table  2),  and  differs  from  all 
known  species  of  Florentiamys  in  the  size  of  the  stylar  cusps.  Typically  in  Flo- 
rentiamys the  stylar  cusps  are  small  and  the  valleys  that  separate  them  are  shallow 
and  disappear  with  moderate  wear.  The  stylar  cusps  of  UNSM  24094  are  nearly 
as  large  as  the  major  cusps,  and,  though  closely  appressed,  are  separated  by  deep 
valleys. 

The  difference  between  UNSM  24094  and  the  premolars  referred  above  to 
Sanctimus  is  far  greater  than  can  be  explained  by  individual  variation.  The  size 
of  the  stylar  cusps  is  unique  among  species  of  Florentiamys.  UNSM  24094  ap- 
parently represents  a distinct  species  of  Florentiamys. 

Family  Geomyidae  Bonaparte,  1845 
Subfamily  Entoptychinae  Miller  and  Gidley,  1918 
E ntoptychus  Copo,  1878 
Entoptychus  grandiplanus,  new  species 
(Fig.  15;  Table  10) 

//o/ofvpc. —UNSM  24039,  mandible  with  RI,,  P4--M3. 

Referred  —UNSM  24041-24055  and  24079-24086,  mandibles  with  lower  cheek  teeth; 

UNSM  24057,  ten  isolated  P4S;  UNSM  24056,  1 7 isolated  upper  incisors;  UNSM  24058-24064  UNSM 
24066,  24067  and  24069-24073,  maxillae  with  upper  cheek  teeth;  UNSM  24074,  fused  frontal  bones; 
UNSM  24075,  palate  without  cheek  teeth;  UNSM  24076,  60+  isolated  cheek  teeth;  UNSM  24077, 
300+  isolated  cheek  teeth;  UNSM  24068,  dP4;  and  UNSM  24093,  dP^ 

Type  locality.  —UNSM  locality  Cr-1 17. 

Diagnosis.  — Smallest  species  of  the  genus;  no  enamel  failure  or  dentine  chevrons 
on  cheek  teeth  (low  crowned);  metaconid  (and  sometimes  protostylid)  of  P4  elon- 
gate, oriented  posteriorly  toward  center  of  tooth;  diastema  of  mandible  shorter 
than  in  Oregon  species. 

Etymology.— grandis,  great;  planus,  plain. 

Description.  — MdLndihlQ  relatively  deep;  diastema  long,  shallow;  mean  ratio  of  length  of  diastema 
to  occlusal  length  of  lower  cheek  tooth  row  1.08;  wide  area  of  articulation  for  symphysis,  dorsally 
extending  about  one-third  length  of  diastema,  ventrally  small  chin  process  present  below  anterior  root 
of  P4;  mental  foramen  small,  at  mid-depth  of  mandible  below  posterior  half  of  diastema;  masseteric 


Fig.  15.  — Dentition  of  Entoptychus  grandiplanus.  A,  UNSM  24093,  LdP'^.  B,  C,  UNSM  24059,  RP'^- 
M-\  B,  Occlusal  view.  C,  Buccal  view.  D,  UNSM  24068,  LdP4.  E,  UNSM  24057,  LP4.  F,  UNSM 
24057,  RP4.  G,  H,  UNSM  24039  (holotype).  G,  RP4-M3.  H,  Lateral  view  of  mandible. 
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Table  \0.— Dental  measurements  o/ Entoptychus  grandiplanus.  Statistical  abbreviations  as  in  Table 

7.  Measurements  in  mm. 


N 

M 

OR 

s 

cv 

V 

a-p 

16 

1.69 

1.40-2.05 

.16 

9.9 

tr 

16 

2.16 

1.80-2.55 

.22 

10.3 

dP^ 

a-p 

1 

1.75 

__ 

_ 

tra 

1 

0.95 

— 

_ 

trp 

1 

1.88 

__ 

__ 

p4 

a-p 

20 

2.34 

2.05-2.78 

.18 

7.7 

tra 

20 

1.68 

1.37-1.97 

.13 

7.8 

trp 

20 

2.08 

1.82-2.32 

.16 

7.6 

M‘ 

a-p 

11 

1.41 

1.29-1.49 

.06 

4.0 

tr 

11 

2.08 

1.85-2.18 

.10 

5.0 

M^ 

a-p 

11 

1.35 

1.15-1.45 

.09 

6.8 

tr 

11 

1.95 

1.85-2.09 

.07 

3.8 

M3 

a-p 

6 

1.32 

1.17-1.39 

.08 

5.8 

tr 

6 

1.56 

1.48-1.65 

.06 

4.1 

P4_M3 

3 

6.66 

6.41-7.00 

— 

I, 

a-p 

6 

1.83 

1.40-2.33 

.30 

16.0 

tra 

6 

1.52 

1.26-1.87 

.21 

14.0 

dP4 

a-p 

1 

1.97 

— 

__ 

_ 

tra 

1 

1.09 

— 

— 

trp 

1 

1.32 

- 

- 

P4 

a-p 

30 

1.82 

1.52-2.17 

.16 

8.7 

a-p 

29 

1.41 

1.12-1.60 

.15 

10.4 

trp 

30 

1.84 

1.52-2.20 

.14 

7.5 

M, 

a-p 

18 

1.48 

1.34-1.58 

.08 

5.1 

tra 

18 

1.93 

1.73-2.27 

.14 

7.1 

trp 

18 

2.00 

1.81-2.33 

.15 

7.7 

M2 

a-p 

12 

1.45 

1.25-1.70 

.11 

7.9 

tra 

12 

1.93 

1.75-2.20 

.15 

7.7 

trp 

12 

1.95 

1.66-2.21 

.16 

8.2 

M3 

a-p 

6 

1.42 

1.18-1.59 

.13 

9.3 

tra 

6 

1.48 

1.35-1.55 

.07 

4.8 

P4-M3 

5 

6.30 

5.99-6.80 

.03 

4.7 

Length  of  lower  diastema 

11 

6.29 

4.70-7.55 

.88 

14.0 

scar  represented  ventrally  by  heavy  ridge  running  from  angle  to  just  posterior  to  mental  foramen,  then 
running  directly  dorsad  and  abruptly  disappearing;  ascending  ramus  rises  laterally  even  with  posterior 
margin  of  M2;  deep  valley  separating  ascending  ramus  from  tooth  row;  condyle  well  dorsad  to  tooth 
row;  lateral  expansion  for  base  of  incisor  elongate,  separated  from  ascending  ramus  by  pronounced 
shelf;  angular  and  coronoid  processes  not  known. 

1 1 triangular  in  cross-section;  flat  enamel  face  anteriorly;  enamel  extending  only  slightly  onto  lateral 
and  medial  sides. 

DP4  elongate,  smaller  than  other  cheek  teeth;  hypoconid  and  entoconid  united,  separated  from 
metalophid  by  valley;  loph  arising  from  protostyle  running  obliquely  across  tooth  to  anterior  cingulid; 
metaconid  close  to  protostylid  loph  but  not  connecting;  anterior  cingulid  anteriorly  expanded  as  loph 
of  small  cuspules  with  shallow  central  valley. 

P4  metalophid  three-cusped  (metaconid,  protoconid,  protostylid);  protoconid  smallest  cusp,  ante- 
riorly situated;  anterior  cingulid  arising  from  center  of  protoconid,  varying  from  small  loph  on  anterior 
face  of  protoconid  to  series  of  small  cuspules  extending  both  lingually  and  buccally;  anterior  cingulid 
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never  joins  metaconid  or  protostylid  until  late  wear;  metaconid  equal  to  or  larger  than  protostylid, 
elongate  with  posterior  extension  directed  toward  center  of  hypolophid;  protostylid  with  similar  pos- 
terior extension  on  some  specimens,  otherwise  smaller  than  metaconid  and  oval  in  outline;  hypolophid 
straight  to  gently  concave  anteriorly;  hypostylid  only  recognizable  cusp  on  unworn  teeth;  metalophid 
and  hypolophid  unite  lingually  with  wear. 

Lower  molars  show  no  evidence  of  enamel  failure  on  lateral  sides;  molars  decrease  in  size  from  M, 
to  M3;  metalophid  consisting  of  two  subequal  cusps  (metaconid,  protoconid)  that  unite  anteriorly  in 
a shallow  “V”;  protostylid  minute,  posterior  to  protoconid;  anterior  cingulid  extending  anteriorly  from 
protostylid,  wrapping  around  anterobuccal  corner  of  tooth;  anterior  cingulid  extending  variably  from 
one-half  to  entire  width  of  tooth;  hypolophid  straight  row  of  anteroposteriorly  compressed  cusps;  both 
lophs  wear  to  straight  buccolingually  oriented  lophs;  lophs  unite  buccally  first,  then  lingually  at  very 
late  stage  of  wear. 

The  only  bones  of  the  skull  known  for  E.  grandiplanus  are  the  palate  (maxillae)  and  frontals.  Paired 
parasagittal  crests  on  frontals,  rising  0.54  mm  above  center;  crests  constrict  slightly  at  postorbital 
constriction,  then  flare  posteriorly;  palate  broad,  distinct  groove  on  either  side  of  centerline;  tooth 
rows  slightly  divergent  posteriorly;  palatine  bones  extending  anteriorly  to  level  even  with  center 
ofM,. 

smaller  than  P'*;  anterocone  buccolingually  elongate,  uniting  with  protocone  by  thin  loph; 
protoloph  anteriorly  concave,  three-cusped;  protocone  largest  cusp  on  protoloph;  metaloph  wider  than 
protoloph;  hypocone  largest  cusp,  uniting  with  other  metaloph  cusps  by  thin  posterior  cingulum; 
hypostyle  transversely  compressed,  slightly  anterior  of  hypocone,  blocking  transverse  valley  between 
lophs. 

P**  largest  tooth;  protoloph  three-cusped,  protocone  largest  cusp;  protostyle  anterior  and  lingual  to 
protocone,  distinct  in  later  wear  as  anterolingual  bulge  in  wear  fosset;  metaloph  wider  than  protoloph, 
three-cusped;  hypostyle  smallest  cusp,  anterior  to  remainder  of  metaloph;  metaloph  wears  to  straight 
or  slightly  anteriorly  convex  loph;  lophs  unite  lingually  with  wear. 

Upper  molars  decrease  in  size  from  M'  to  Mk  unworn  molars  with  two  rows  of  three  cusps,  protostyle 
and  hypostyle  smallest;  anterior  cingulum  extending  from  paracone  to  protostyle,  leaving  narrow 
valley  between  it  and  protocone;  no  posterior  cingulum  present;  M‘  and  M^  wear  to  two  parallel  lophs, 
uniting  lingually  first,  then  buccally  at  late  stage  of  wear;  M^  smallest  tooth,  nearly  circular  in  outline; 
metaloph  narrower  (buccolingually)  than  protoloph. 

Discussion.  —Entoptychus  grandiplanus  is  separable  from  Gregorymys  based  on 
the  occlusal  pattern  of  P4  and  dP4  as  defined  by  Rensberger  (1971).  Entoptychus 
grandiplanus  differs  from  the  Oregon  species  of  Entoptychus  only  by  its  lower- 
crowned  cheek  teeth,  lack  of  enamel  failure  on  the  lateral  sides  of  the  cheek  teeth, 
smaller  size,  and  relatively  shorter  diastema  on  the  mandible.  The  lowest  height 
of  the  crown  on  P4  (RD  of  Rensberger,  1971:fig.  2)  of  the  Oregon  species  is  1.55 
mm.  In  E.  grandiplanus  this  dimension  is  considerably  less  ranging  from  0.83  to 
1.35  mm  (mean  =1.13  mm). 

The  three  known  species  of  Entoptychus  from  Montana  and  Idaho  show  similar 
lack  of  enamel  failure  as  in  E.  grandiplanus.  The  only  species  from  Montana  with 
any  loss  of  enamel  is  E.  montanensis  (Hibbard  and  Keenmon,  1950),  which  has 
the  same  development  as  the  most  primitive  Oregon  species  (Rensberger,  1971: 
77).  The  other  two  species  recognized  from  Montana,  E.fieldsi  and  E.  sheppardi 
are  larger  than  E.  grandiplanus  (Nichols,  1976:tables  4,  5,  6)  and  the  metaconid 
and  protostylid  of  P4  are  elongate  and  oriented  posteriorly  in  a straight  antero- 
posterior direction.  In  E.  grandiplanus  these  cusps  are  convergent  toward  the 
center  of  the  hypolophid.  The  manidibular  diastema  of  E.  sheppardi  has  a diastema 
length/tooth  row  length  ratio  of  0.93  (not  known  for  E.  fieldsi),  lower  than  in  E. 
grandiplanus  which  has  a ratio  of  1.08.  In  a measured  sample  of  Entoptychus 
from  the  John  Day  Formation,  this  ratio  ranges  from  1.29  to  1.58  (mean  = 1.43), 
much  longer  than  either  E.  grandiplanus  or  E.  sheppardi. 

Progressive  hypsodonty  of  the  cheek  teeth  is  characteristic  of  the  genus  Entop- 
tychus. Its  absence  in  Montana  and  Idaho  species  referred  to  this  genus  led  Mc- 
Kenna (1980)  to  suggest  that  they,  along  with  the  specimens  from  Barton’s  Bluff 
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(Big  Horn  Mountains  [McKenna  and  Love,  1972])  may  represent  a different  genus. 
McKenna  (1980)  stressed  the  transitional  morphology  of  these  species  between 
Entoptychus  and  Gregorymys.  However,  these  species  lack  only  the  hypsodonty 
of  the  Oregon  species  of  the  genus  and  have  a slightly  shorter  diastema.  Thus,  E. 
fieldsi  and  E.  sheppardi  show  no  similarity  to  Gregorymys  other  than  in  the  crown 
height  of  the  cheek  teeth. 

The  specimens  from  Barton’s  Bluff  referred  to  Entoptychus  sp.  (McKenna  and 
Love,  1972)  and  later  “Entoptychine  geomyid”  (McKenna,  1980)  show  increased 
hypsodonty  and  enamel  failure  on  the  cheek  teeth,  as  in  Entoptychus  from  Oregon, 
but  have  a much  shorter  diastema  and  different  P4  occlusal  morphology.  These 
features  are  shared  with  Gregorymys  kayi  Wood  (1950),  also  from  Montana. 
Rensberger  (1971:footnote  p.  17)  noted  that  G.  kayi  is  very  Entoptychus -XikQ  in 
cheek  tooth  morphology,  but  retained  it  in  Gregorymys  because  of  its  shorter 
diastema.  It  is  likely  that  E.  grandiplanus  and  the  Montana  species  are  correctly 
referred  to  Entoptychus,  and  the  Barton’s  Bluff  specimens  are  referable  to  a distinct 
genus  which  also  contains  “G.”  kayi. 

J.  R.  Macdonald  (1970)  identified  a single  specimen  (LACM  9272)  from  the 
Sharps  fauna  as  Entoptychus  minor.  This  specimen  is  worn,  so  little  can  be  told 
of  the  occlusal  pattern  of  P4,  but  it  is  equivalent  in  size  to  E.  grandiplanus  and 
lacks  the  degree  of  enamel  failure  on  the  cheek  teeth  of  E.  minor.  Therefore,  it 
may  represent  an  even  stratigraphically  older  specimen  of  E.  grandiplanus. 

Nichols  (1976)  noted  that  a skull  from  the  Monroe  Creek  Formation  (SBSM 
6257)  identified  by  J.  R.  Macdonald  (1970)  as  Gregorymys  formosus  was  similar 
to  that  of  E.  sheppardi  with  similar  crown  height  of  the  cheek  teeth.  He  did  not 
refer  this  specimen  to  the  Montana  species  because  of  differences  in  the  mor- 
phology of  P4.  According  to  Nichols’  (1976:25)  description  of  the  premolar  of  the 
Monroe  Creek  specimen,  it  is  very  similar  to  P4S  of  E.  grandiplanus.  The  specimen, 
however,  is  too  large  to  belong  to  the  latter  species,  and  may  represent  yet  another 
low-crowned  eastern  species  of  Entoptychus. 

Gregorymys ood,  1936Z? 

Gregorymys  cf  G.  formosus  (Matthew,  1 907) 

Referred  specimens. — IJNSM  24040,  mandible  with  LP4--M1;  UNSM  24065,  maxilla  with  RP^'-M'; 
UNSM  24092,  LP. 

Loca/Z/y.  — UNSM  locality  Cr-1 17. 

Description  and  discussion.  — The  three  specimens  referred  here  to  Gregorymys 
are  easily  distinguishable  from  specimens  of  Entoptychus  grandiplanus  by  their 
larger  size.  The  upper  incisor  (UNSM  24092)  is  not  only  larger  than  any  of  E. 
grandiplanus  (a-p,  2.4  mm;  tra,  2.8  mm)  but  the  entire  anterior  surface  is  convex. 
As  noted  by  Rensberger  (1971),  the  convexity  of  the  anterior  surface  of  upper 
incisors  of  Entoptychus  begins  at  the  center  of  the  anterior  surface  and  continues 
laterally.  There  is  also  a faint  central  groove  on  UNSM  24092  along  with  a deeper 
groove  along  the  medial  surface  of  the  tooth.  No  recorded  species  of  Gregorymys 
has  both  of  these  grooves  on  P.  Gregorymys  riggsi  has  only  a central  groove  on 
L,  and  all  other  species  (where  known)  have  only  a medial  groove. 

All  of  the  cheek  teeth  in  the  referred  specimens  are  heavily  worn,  so  little  can 
be  told  of  the  occlusal  morphology.  As  in  the  cheek  teeth  of  E.  grandiplanus, 
there  is  no  sign  of  enamel  failure  on  any  of  these  teeth.  The  estimated  ratio  of 
the  mandibular  diastema  length  to  the  tooth  row  length  is  only  0.93,  lower  than 
in  any  specimen  of  E.  grandiplanus  (see  above  discussion). 
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Table  \ \.— Dental  measurements  of  eomyid  rodents  from  the  Harrison  Formation,  Nebraska.  Mea- 
surements in  mm. 


p4 

M' 

M' 

P4 

UNSM  no.  a-p  tr 

a-p  tr 

a-p  tr 

a-p 

tra 

trp 

Arikareeomys  skinneri 

81031  2.28  2.05 

24153 

1.90  2.13 

1.92 

2.22 

Pseudotheridomys  sp. 

81091  1.50  1.50 

24104 

81023 

1.53  1.75 

1.71 

1.26 

1.49 

Family  Eomyidae  Deperet  and  Douxami,  1902 
?Subfamily  Yoderimyinae  Wood,  1955 
Arikareeomys,  new  genus 

Type  and  only  species.  —Arikareeomys  skinneri,  n.  sp. 

Range.— halt  Arikareean  (earliest  Miocene)  of  Nebraska. 

A. -Intermediate- sized  eomyid;  not  present;  P‘^  longer  than  wide, 
and  larger  than  M‘;  cheek  teeth  mesodont  and  lophate;  protoloph  not  connected 
to  metaloph  on  upper  cheek  teeth;  no  mesoloph  on  upper  molars;  anterior  and 
posterior  cingula  on  and  posterior  cingulum  on  P"^  connected  to  paracone  or 
metacone  buccally,  isolating  enamel  lakes;  anterior  cingulum  widely  separated 
from  protoloph  on  P"^;  anterior  cingulid  and  metalophid  of  P4  joining  at  buccal 
and  lingual  ends  forming  D-shaped  enamel  lake. 

Etymology. —Nsimed  for  the  provincial  age  from  which  the  type  species  came  and  the  familial 
affinities  of  this  genus. 

Discussion.  —Arikareeomys  has  higher-crowned  cheek  teeth  than  any  other  North 
American  eomyid.  It  is  approximately  the  same  size  as  Yoderimys  Wood  (1955), 
smaller  than  the  Hemphillian  eomyids  (Wood,  1936c;  Jacobs,  1977;  Dalquest, 
1983),  and  larger  than  all  other  species  of  eomyids.  The  lack  of  a connection 
between  the  protoloph  and  metaloph  of  the  upper  cheek  teeth  is  seen  elsewhere 
only  in  Pseudotheridomys  Hesperus  Wilson  (1960)  and  the  European  Apeomys 
Fahlbusch  (1968).  Arikareeomys  lacks  the  basic  “omega”  pattern  of  the  molars 
typical  of  other  eomyids.  A P^  larger  than  M'  is  seen  elsewhere  among  eomyids 
only  in  Yoderimys.  Arikareeomys  differs  from  Yoderimys  in  having  higher  crown 
height  and  lacking  P\ 

Arikareeomys  skinneri,  new  species 
(Fig.  14 A,  B;  Table  1 1) 

Holotype.—U^^M  81031,  partial  maxilla  with  RP'^-Mf 

Referred  specimen.— \JF\SM  24153,  fragmentary  LP4. 

Type  locality.  — UNSM  locality  Cr-1 17. 

Diagnosis.  — Same  as  for  genus. 

Etymology.— for  M.  F.  Skinner  who  discovered  the  Mouth  of  McCann  Canyon  locality. 

Description.— ZygovmXic  plate  tilted  dorsally  indicating  sciuromorphy;  small  circular  depression  in 
maxilla  just  anterior  to  P^;  cheek  teeth  mesodont,  higher  crowned  than  in  any  other  North  American 
eomyid;  P'’  slightly  larger  than  M'  (Table  1 1);  anterior  cingulum  originating  near  center  of  protoloph 
and  running  buccally  to  buccal  margin  of  tooth,  widely  separated  from  protoloph;  posterior  cingulum 
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running  entire  width  of  tooth  and  joining  both  hypocone  and  metacone,  isolating  enamel  lake;  lingual 
cusps  obliquely  compressed;  metaloph  not  directly  connected  to  protoloph;  mesocone  large  with  two 
small  spurs  running  anteriorly  and  buccally;  buccal  spur  joining  paracone;  buccal  cusps  crescentic, 
not  bulbous;  no  mesostyle. 

Major  cusps  of  M‘  (paracone,  hypocone,  metacone,  protocone)  similar  in  shape  to  those  of  P'*; 
anterior  cingulum  connecting  to  both  paracone  and  protocone,  enclosing  anteroposteriorly  compressed 
enamel  lake;  posterior  cingulum  enclosing  similar  lake  by  connecting  to  metacone  and  hypocone; 
mesocone  connected  to  center  of  metaloph;  mesocone  and  metaloph  not  connected  to  protoloph; 
narrow,  deep  valley  separating  protoloph  from  metaloph;  no  mesostyle  present. 

P4  trigonid  narrower  than  talonid;  anterior  margin  of  tooth  convex;  anterior  cingulid  joining  meta- 
conid  and  protoconid  at  lingual  and  buccal  ends;  metalophid  convex  posteriorly;  anterior  cingulid 
and  metalophid  form  narrow  enamel  lake  at  center  of  trigonid;  transverse  valley  separating  metalophid 
and  hypolophid;  minute  spur  arising  from  hypolophid  anterior  to  hypoconid,  entering  central  valley. 

Discussion.  —Arikareeomys  closely  resembles  the  early  Miocene  European  spe- 
cies Apeomys  tuerkheimae  Fahlbusch  ( 1 968).  Apeomys  develops  the  isolated  enamel 
lakes  on  the  cheek  teeth  as  in  Arikareeomys.  The  D-shaped  enamel  lake  of  the 
trigonid  of  P4  of  A.  skinneri  is  otherwise  known  only  in  Apeomys.  In  the  latter, 
however,  this  lake  is  more  complicated  with  one  or  more  lophules  entering  the 
trigonid  from  either  the  metalophid  or  anterior  cingulid,  and  the  anterior  cingulid 
joins  the  protoconid  buccally  only  in  very  late  stages  of  wear.  In  A.  skinneri,  there 
is  no  valley  separating  the  protoconid  from  the  buccal  end  of  the  anterior  cingulid, 
so  fusion  occurs  in  a much  earlier  stage  of  wear.  However,  many  differences  do 
exist  between  these  two  rodents.  Arikareeomys  differs  from  Apeomys  in  being 
much  larger,  having  no  mesoloph  on  the  upper  cheek  teeth,  having  higher  crowned 
cheek  teeth,  and  having  longer  than  wide.  There  are  no  European  Oligocene 
eomyid  species  from  which  Arikareeomys  could  be  directly  derived  (Fahlbusch, 
1973,  1979).  Hence,  the  similarities  between  Arikareeomys  and  Apeomys  are 
considered  to  be  due  to  convergence. 

Among  the  North  American  eomyids,  the  dental  pattern  of  Arikareeomys  most 
closely  approaches  that  of  Chadronian  Yoderimys.  It  resembles  Yoderimys,  and 
differs  from  all  other  eomyids,  in  having  P"^  larger  than  and  in  the  oblique 
compression  of  the  lingual  cusps  on  the  upper  molars.  Arikareeomys  lacks  the  P^ 
that  is  present  in  all  known  species  of  Yoderimys.  The  small  circular  depression 
anterior  to  P"^  on  the  holotype  of  A.  skinneri  is  not  due  to  breakage  or  chipping 
of  the  specimen.  However,  there  is  no  definite  indication  that  a tooth  ever  occupied 
this  area.  This  small  depression  is  possibly  the  partial  filling  of  an  alveolus  for 
dP^  due  to  resorption  of  bone. 

Among  species  of  Yoderimys,  Arikareeomys  most  closely  resembles  early  Chad- 
ronian Y.  lustrorum  Wood  (1974)  from  the  Vieja  Group,  Texas.  Yoderimys  lus~ 
trorum  differs  from  the  other  Chadronian  species,  Y.  bumpi  and  Y.  steward  (Wood, 
1955;  Russell,  1972;  Storer,  1978)  in  the  following  characters:  1)  smaller  size;  2) 
lack  of  a mesolophid  on  P4;  3)  anterior  enamel  lake  on  P4;  4)  anterior  cingulid  on 
P'^  does  not  extend  lingually;  5)  lack  of  a paracone-metacone  crest  on  upper  cheek 
teeth;  6)  lophs  not  well  defined,  consisting  of  narrow  ridges  with  little  or  no 
expansion  at  the  cusps;  7)  teeth  more  cuspate;  and  8)  connection  of  mesocone  to 
protoloph  very  weak.  All  of  these  features,  as  far  as  known,  are  shared  by  Ark 
kareeomys.  Yoderimys  burkei  Black  (1965)  is  so  poorly  known  that  few  of  these 
characters  can  be  examined.  However,  the  lophs  on  the  only  known  specimen  of 
Y.  burkei  are  similar  to  those  of  Y.  bumpi. 

Yoderimys  lustrorum  clearly  does  not  belong  to  Arikareeomys.  There  are  large 
morphologic  and  temporal  gaps  between  Y.  lustrorum  and  A.  skinneri,  but  there 
is  no  morphological  feature  of  Y.  lustrorum  that  would  eliminate  it  from  an 
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ancestral  position  with  respect  to  A.  skinned.  Besides  the  characters  listed  above, 
Y.  lustrorum  is  similar  to  A.  skinned  in  the  weakness  of  the  connection  between 
the  mesocone  and  the  protoloph  on  the  upper  cheek  teeth.  In  A.  skinned  there  is 
no  connection,  and  in  Y.  lustrorum  this  connection  is  very  weak  (Wood,  1974: 
fig.  35b;  Wahlert,  1978:fig.  7b). 

There  are  no  known  Orellan  or  Whitney  an  species  of  Yoderimys,  nor  of  any 
other  rodent  that  might  be  intermediate  between  Yoderimys  and  Arikareeomys. 

Subfamily  Eomyinae  Deperet  and  Douxami,  1 902 
Pseudotheridomys  Schlosser,  1926 
Pseudotheridomys  sp. 

(Fig.  14C-E;  Table  1 1) 

Referred  specirnens.-UmM  81032,  LP4;  UNSM  81091,  LP^;  UNSM  24104,  RM^ 

Description.  — 'P 4,  anterior  cingulid  and  metalophulid  II  run  entire  width  of  tooth,  joining  at  proto- 
conid  and  metaconid,  isolating  enamel  lake;  no  mesolophid  (possibly  fused  with  metalophulid  II); 
hypolophid  and  posterior  cingulum  running  entire  width  of  tooth  and  j oining  entoconid  and  hypoconid; 
deep,  narrow  valley  separating  hypolophid  from  metalophulid  II;  thin  connection  between  entoconid 
and  center  of  posterior  cingulid,  dividing  posterior  enamel  lake  into  two;  slight  swelling  at  center  of 
anterior  cingulid  (?anteroconid). 

P‘*  anterior  cingulum  very  short,  restricted  to  anterobuccal  comer  of  tooth,  connecting  to  paracone; 
small  anterior  spur  on  metaloph  (=mesocone);  posterior  cingulum  parallel  to  metaloph,  not  running 
entire  length  of  tooth;  short  spur  arising  from  paracone,  directed  posteriorly,  not  blocking  central 
valley  of  tooth  buccally. 

protoloph  straight  buccolingual  loph,  no  protoconule;  protocone  crescentic;  anterior  cingulum 
joining  protocone  and  paracone  at  lingual  and  buccal  ends,  respectively;  no  mesoloph;  mesocone 
central,  joining  metaloph;  metaloph  reduced  (buccolingually);  posteroloph  convex  posteriorly  joining 
metaloph  at  both  ends. 

Discussion. —Two  specimens  of  Pseudotheridomys  cf  P.  hesperus  described  by 
L.  J.  Macdonald  (1972)  from  a Monroe  Creek  anthill  fauna  in  South  Dakota 
belong  to  the  same  species  as  the  Nebraska  specimens,  based  on  similarity  of  size 
and  direct  comparison  of  The  only  difference  in  the  morphology  of  the  South 
Dakota  P"*  and  UNSM  81091  is  the  total  lack  of  any  mesocone  and  the  isolation 
of  the  buccal  anterior  cingulum  on  the  former.  The  latter  difference  is  clearly  due 
to  the  late  stage  of  wear  of  UNSM  81091. 

The  upper  molar  from  South  Dakota  (LACM  1 23525)  is  similar  to  the  Nebraska 
M\  It  is  more  anteroposteriorly  compressed  than  P"^  and  wider  (buccolingually). 
It  has  a distinct  mesocone  but  no  mesoloph  and  the  anterior  cingulum  extends 
from  buccal  margin  of  the  protocone  to  the  buccal  edge  of  the  tooth.  The  posterior 
cingulum  extends  the  entire  width  of  the  tooth. 

Pseudotheridomys  sp.  most  closely  resembles  the  Hemingfordian  P.  hesperus 
from  Colorado  (Wilson,  1960).  Both  have  the  protoloph  separated  from  the  meta- 
loph by  a relatively  deep  valley  with  no  connection  by  way  of  an  anteroposteriorly 
directed  loph,  and  having  no,  or  a reduced,  mesoloph  on  the  upper  cheek  teeth. 
Fahlbusch  (1968:fig.  Ih)  figured  an  isolated  upper  molar  of  P.  pusillus  from  the 
late  Oligocene  of  Germany  that  had  no  mesoloph  and  lacked  a connection  between 
the  metaloph  and  protoloph.  However,  other  specimens  referred  by  Fahlbusch  to 
this  species  had  long  mesolophs  that  frequently  fused  buccally  with  the  paracone, 
as  in  all  other  species  of  Pseudotheridomys  (Engesser,  1979).  Pseudotheridomys 
sp.  also  differs  from  all  other  species  of  the  genus  by  the  absence  of  a distinguishable 
mesolophid  on  P4.  J.  E.  Martin  (1976)  reported  a P4  of  Pseudotheridomys  sp.  from 
the  younger  (Hemingfordian)  Batesland  Formation  in  South  Dakota  that  also 
lacked  a mesolophid  on  P4.  The  McCann  Canyon  specimens  are  larger  than  any 
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Other  species  of  Pseudotheridomys.  Pseudotheridomys  sp.  differs  from  the  younger 
P.  hesperus  in  the  weak  development  of  the  anterior  cingulum  on  having  no 
mesoloph  on  the  upper  molars  or  mesolophid  on  P4,  and  being  much  larger. 

The  morphology  of  the  upper  cheek  teeth  of  Pseudotheridomys  sp.  is  inter- 
mediate between  that  of  the  slightly  older  European  P.  pusillus  and  the  younger 
P.  hesperus  from  North  America.  Since  the  presence  of  a mesoloph  on  the  upper 
molars  of  P.  pusillus  is  variable,  the  North  American  species  {Pseudotheridomys 
sp.  and  P.  hesperus)  could  represent  a radiation  separate  from  the  later  European 
species  which  all  possess  a long  mesoloph. 

The  P4  of  Pseudotheridomys  sp.  is  problematical.  All  other  species  of  Pseu- 
dotheridomys (except  the  specimen  reported  by  J.  E.  Martin,  1976),  including  the 
very  earliest,  maintain  a separate  metalophid  and  mesolophid  on  P4.  The  cusps 
on  UNSM  81032  are  more  distinguishable  and  the  tooth  is  much  less  lophate 
than  in  European  late  Oligocene  species.  It  is  possible  that  the  species  of  Pseu- 
dotheridomys recognized  by  J.  E.  Martin  ( 1 976)  is  the  same  as  the  McCann  Canyon 
species,  but  better  material  of  both  species  is  necessary  before  any  decision  can 
be  made  as  to  synonymy. 

Engesser  (1 979)  suggested  that  the  North  American  species  of  Pseudotheridomys 
were  separately  derived  from  the  European  species,  although  he  could  determine 
no  morphological  differences  between  the  two  lineages.  It  is  possible  that  the  two 
earliest  North  American  species,  Pseudotheridomys  sp.  and  P.  hesperus,  were 
derived  from  earlier  Oligocene  North  American  mesodont  eomyids  because  these 
species  share  unique  features  of  the  upper  cheek  teeth.  However,  there  are  no 
known  Orellan  or  Whitneyan  mesodont  eomyids  from  North  America  that  lack 
a mesolophid  on  P4  as  does  Pseudotheridomys  sp.  (Korth,  1980^,  1981).  The 
posterior  cingulid  of  the  lower  molars  of  P.  hesperus  (not  known  in  Pseudotherido- 
mys sp.)  is  long.  The  lower  molars  of  the  Orellan  genera,  Paradjidaumo  and 
Metadjidaumo,  have  progressively  shorter  posterior  cingulids  on  the  lower  molars. 
The  teeth  of  these  Orellan  genera  are  already  too  lophate  to  be  ancestral  to  the 
more  cuspate  P4  of  Pseudotheridomys  sp. 

Although  Pseudotheridomys  sp.  is  clearly  a distinct  species,  no  formal  name 
will  be  given  to  it  due  to  the  incompleteness  of  available  material. 

Family  Cricetidae  Rochebrune,  1883 
Leidymys  ^ ood,  1936<7 
Leidymys  cerasus,  new  species 
(Fig.  16A-C;  Table  12) 

Holotype. -UNSM  24105,  maxilla  with  RM^-M^. 

Referred  specimens. -VNSM  24021,  maxilla  with  LM^;  UNSM  24022,  LM^;  UNSM  24091,  M'; 
UNSM  24107,  LM,;  UNSM  24206,  RM,;  and  UNSM  24108,  mandible  with  LI,. 

Type  locality. —UNSM  locality  Cr-125. 

Diagnosis.  — IntermQdmXesizQd  species  of  Leidymys  (Table  12);  anterocone  on 
M‘  larger  and  extended  farther  anteriorly  than  in  other  species;  cingulum  present 
lingual  to  protocone  on  M‘;  mesoloph  on  upper  molars  weak,  short,  and  posterior 
to  center  of  tooth;  Mj  lacking  mesolophid;  Ij  with  three  longitudinal  ridges  as  in 
L.  alicae. 

Etymology. — Latin,  cerasus,  cherry. 

Description.  — Larger  than  L.  parvus,  L.  alicae,  and  L.  blacki,  smaller  than  L.  nematodon  and  L. 
lockingtoni  anus',  mandible  dorsoventrally  deep  for  cricetid;  ventral  edge  of  the  masseteric  fossa  robust, 
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Table  12.— Dental  measurements  o/Leidymys  cerasus.  Measurements  in  mm. 


M' 

M2 

UNSM  no. 

a-p 

tra 

trp 

a-p 

tra 

trp 

24105  (type) 

2.49 

1.69 

1.73 

1.82 

1.80 

1.65 

24091 

24021 

2.53 

1.59 

1.64 

1.89 

1.73 

1.55 

M, 

M, 

a-p 

tra 

trp 

a-p 

tra 

trp 

24107 

1.88 

1.12 

1.31 

24206 

24022 

1.91 

0.94 

1.23 

1.90 

1.34 

1.43 

ending  just  anterior  to  M,;  diastema  short,  shallow;  mental  foramen  high  on  side  of  mandible  posterior 
to  middle  of  diastema;  pronounced  chin  process  present,  running  posteriorly  to  below  mental  foramen. 

Ii  similar  to  that  of  L.  alicae  (Engesser,  1979:pl.  17,  fig.  el)  with  three  longitudinal  ridges,  one  in 
center  of  anterior  enamel  surface,  and  two  closely  spaced  ridges  near  lateral  edge. 

M'  similar  to  specimens  of  other  species  of  Leidymys  (see  appropriate  figures  in  Wood,  1936^/; 
Engesser,  1979;  L.  D.  Martin,  1980);  anterocone  extending  anteriorly,  leaving  broad  basin  between 
anterocone  and  protoloph;  minute  cuspule  on  anterolingual  slope  of  anterocone  on  holotype;  lingual 
cingulum  forming  shelf  lingual  to  protocone;  mesoloph  very  short  and  low,  arising  from  endoloph 
posterior  to  center  of  tooth  (closer  to  metaloph  than  protoloph). 

M^  with  very  short  mesoloph,  arising  from  endoloph  as  in  M‘;  large  mesostyle  on  UNSM  24021, 
no  mesostyle  on  holotype. 

M,  anteroconid  small,  triangular,  lingual  to  center  of  tooth,  connecting  to  metaconid  by  narrow 
loph;  metoconid  and  protoconid  subequal  in  size,  connecting  posteriorly  by  metalophulid  II;  anterior 
arm  of  protoconid  short,  terminating  anteriorly  in  trigonid  basin;  ectolophid  thin,  buccal  to  center  of 
tooth;  mesoconid  ovate,  buccoligually  compressed;  hypolophid  wider  than  metalophid;  hypoconid 
and  entoconid  subequal  in  size;  hypoconid  crescentic,  connecting  to  posterolophid;  posterolophid 
running  entire  width  of  tooth,  joining  entoconid  lingually;  major  cusps  show  no  alternation;  no  mesolo- 
phid  present. 

Only  specimen  of  M2  (UNSM  24022)  heavily  worn,  little  morphology  recognizable  except  char- 
acteristic doubled  mesolophid  of  Leidymys.  Both  lophids  are  of  equal  length. 

Discussion.  — In  all  dimensions  of  the  dentition,  L.  cerasus  is  very  near  the  size 
of  specimens  of  L.  blacki,  the  only  other  species  of  the  genus  from  the  Great 
Plains.  The  Ii  of  L.  blacki  has  four  longitudinal  ridges  (L.  D.  Martin,  1980:fig. 
2 6 A)  where  L.  cerasus  has  only  three,  as  in  L.  alicae. 

The  anterior  extension  of  the  anterocone  and  the  lingual  cingulum  on  M‘  in  L. 
cerasus,  as  well  as  the  short,  low,  noncentral  mesoloph  of  both  and  and 
lack  of  a mesolophid  on  M,  are  unique  among  species  of  Leidymys.  All  other 
species  of  the  genus  have  long,  central  mesolophs  on  the  upper  molars,  smaller 
anterocones  that  are  more  closely  appressed  to  the  protoloph  on  and  long 
mesolophids  on  Mj.  On  M2  of  other  species  of  Leidymys,  the  anterior  of  the  two 
mesolophids  is  larger.  In  L.  cerasus,  the  two  mesolophids  are  short  and  equal  in 
size.  Leidymys  nematodon  has  a shorter,  noncentral  mesoloph  on  M^  and  a more 
anteriorly  extended  anterocone  on  Mf  These  features  make  L.  nematodon  closer 
than  any  other  species  of  the  genus  in  morphology  to  L.  cerasus. 

Paciculus  Cope,  1879 

Range.  — Arikareean  (late  Oligocene  and  earliest  Miocene)  of  Oregon,  Montana, 
South  Dakota,  and  Nebraska. 
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Included  species.  ~P.  insolatus  Cope,  1879  (type  species);  P.  montanus  Black, 
1961;  P.  woodi  (J.  R.  Macdonald,  1963);  P.  nebraskensis  Alker,  1969. 

Discussion.— history  of  Paciculus  is  complex.  Cope  (1879)  established  the 
genus  for  the  species  P.  insolitus  from  the  Arikareean  of  the  John  Day  Formation, 
Oregon.  Later,  Cope  (1881/?)  referred  a second  John  Day  species,  Eumys  lock- 
ingtonianus,  to  the  genus.  Wood  (1936ii)  transferred  P.  lockingtonianus  to  a new 
genus,  Leidymys,  leaving  P.  insolitus  as  the  type  and  only  species  of  Paciculus. 
Black  (1961)  named  a new  species,  P.  montanus  from  the  Deep  River  Formation 
of  Montana,  which  he  believed  to  be  late  Hemingfordian  in  age.  Paciculus  ne- 
braskensis was  named  by  Alker  (1969)  from  the  early  Arikareean  Gering  For- 
mation, Nebraska.  Alker  also  referred  several  other  specimens  from  Nebraska  to 
Paciculus  cf.  P.  insolitus. 

L.  J.  Macdonald  (1 972)  cited  a large  sample  of  mainly  isolated  teeth  from  anthills 
in  the  Monroe  Creek  Formation,  South  Dakota,  and  referred  them  to  Paciculus 
cf  P.  montanus.  She  noted  no  difference  in  morphology  between  the  Monroe 
Creek  specimens  and  those  described  by  Black  (1961)  as  A montanus.  She  failed 
to  refer  them  unquestionably  because  the  South  Dakota  specimens  were  Arika- 
reean and  those  from  Montana  were  late  Hemingfordian  or  Barstovian.  Similarly, 
Nichols  (1976)  referred  several  complete  dentitions  from  an  Arikareean  fauna 
from  Lemhi  Valley,  Idaho,  to  P.  insolitus,  again  noting  the  difference  in  age 
between  the  Lemhi  Valley  specimens  and  those  described  by  Black  (1961). 

The  most  recent  review  of  the  genus  was  by  L.  D.  Martin  (1980)  who  referred 
Eumys  woodi  Macdonald  (1963)  from  the  early  Arikareean  Sharps  Formation, 
South  Dakota,  to  Paciculus.  Martin  (1980:fig.  21a)  also  figured  the  first  maxillary 
specimen  of  P.  nebraskensis,  and  referred  Alker’ s Nebraska  Paciculus  cf  P.  in- 
solitus to  Geringia  mcgregori  (J.  R,  Macdonald,  1970).  Martin  (1980)  was  the  first 
to  recognize  that  the  type  material  of  P.  montanus  was  from  an  Arikareean,  rather 
than  Hemingfordian,  horizon  (see  Rensberger,  1981,  for  age  determination). 

The  characters  used  to  separate  P.  insolitus  from  P.  montanus  have  been  the 
proportions  of  the  upper  molars  and  the  shape  of  the  anterocone  on  Mf  In  P. 
insolitus  the  upper  molars  are  wider  relative  to  length  than  in  P.  montanus  and 
the  anterocone  on  MMs  wider  (buccolingually)  and  does  not  extend  as  far  ante- 
riorly. The  specimens  identified  by  Nichols  (1976)  as  P.  insolitus  have  the  pro- 
portions and  morphology  of  M^  of  P.  montanus  and  should  be  referred  to  that 
species. 

L.  J.  Macdonald  (1972:32)  failed  to  see  any  difference  between  P.  insolitus  and 
P.  montanus  despite  the  large  variation  in  size  of  the  material  from  South  Dakota 
and  the  skewed  distribution  of  M^  length.  The  isolated  teeth  in  that  sample  may 
represent  more  than  one  taxon. 

L.  D.  Martin  (1980:fig.  20)  noted  that  P.  nebraskensis  was  smaller  than  P. 
insolitus,  but  the  specimens  are  not  figured  to  the  same  scale.  The  type  specimens 
of  P.  nebraskensis  and  P.  insolitus  are  almost  exactly  the  same  length  (Wood, 
1936^/:table  I;  Alker,  1969:table  3).  The  maxillary  specimen  referred  by  L.  D. 
Martin  to  P.  nebraskensis  (UNSM  11527)  does  not  belong  to  this  genus.  It  lacks 


Fig.  16.™ Cricetid  rodents  from  the  Harrison  Formation,  Nebraska.  A-C,  Leidymys  cerasus.  A,  UNSM 
24108,  LI,  (anterior  toward  top  of  page).  B,  UNSM  24105  (holotype),  RM'-ML  C,  UNSM  24107, 
LM,.  D-F,  Paciculus  nebraskensis.  D,  UNSM  24110,  RM'-M^.  E,  UNSM  24109,  RM,-M2.  F,  UNSM 
24121,  RI|  (anterior  toward  top  of  page). 


120 


Annals  of  Carnegie  Museum 


VOL.  61 


Table  13. —Dental  measurements  o/Paciculus  nebraskensis  from  Cr-117  and  Cr-125.  Measurements 

in  mm. 


n 

M 

OR 

s 

cv 

M' 

a-p 

24 

2.45 

2.17-2.71 

.15 

6.0 

tra 

23 

1.77 

1.59-2.04 

7.9 

trp 

23 

1.73 

1.52-1.96 

.18 

10.6 

M2 

a-p 

13 

1.89 

1.66-2.08 

.10 

5.1 

tra 

13 

1.72 

1.45-1.92 

.12 

7.3 

trp 

13 

1.67 

1.43-1.81 

.09 

5.3 

M2 

a-p 

4 

1.46 

1.41-1.54 

.05 

3.6 

tr 

4 

1.60 

1.37-1.78 

.15 

9.3 

M'-M2 

2 

5.68 

5.56-5.80 

- 

M, 

a-p 

16 

2.28 

2.07-2.55 

.11 

4.8 

tra 

16 

1.30 

1.20-1.38 

.05 

3.9 

trp 

16 

1.54 

1.28-1.66 

.09 

6.1 

M, 

a-p 

16 

1.97 

1.81-2.01 

.08 

3.9 

tra 

15 

1.62 

1.42-1.73 

.08 

5.2 

trp 

15 

1.62 

1.42-1.76 

.08 

5.1 

M3 

a-p 

8 

1.82 

1.70-1.92 

.07 

3.9 

tra 

7 

1.59 

1.48-1.68 

.06 

4.2 

trp 

7 

1.28 

1.10-1.43 

.11 

8.6 

M,-M3 

1 

5.91 

- 

- 

- 

an  anterocone  and  has  a short  but  complex  mesocone  on  M‘  unlike  any  known 
specimen  of  this  genus.  There  is  also  a small  spur  running  posterobuccally  from 
the  center  of  the  anterior  cingulum,  again  not  known  in  Paciculus.  UNSM  1 1527 
likely  represents  a species  of  Geringia,  or  a new  cricetid  based  on  the  unique 
morphology  of  the  upper  cheek  teeth. 

Paciculus  nebraskensis  Klktr,  1969 

(Fig.  16D-F;  Table  13) 

Referred  specimens.— 24110-24116,  maxillae  with  cheek  teeth;  UNSM  24109,  24120- 
24125,  partial  mandibles  with  cheek  teeth;  UNSM  24 1 1 7,  24 1 1 8,  24 1 1 9,  24 1 26,  24 1 27,  24 1 28,  and 
24129,  isolated  cheek  teeth. 

Emended  diagnosis.— EltdiV  size  of  P.  insolitus  and  P.  montanus,  larger  than  P. 
woodi  (Table  13);  posterior  cingulum  on  upper  molars  very  short;  metaconid  on 
Ml  large,  connecting  to  protoconid;  anterior  cingulid  separated  from  protoconid 
by  deep  valley  on  Mf,  mesolophids  long  on  molars. 

Description. —MsLSSQieric  scar  V-shaped,  ending  anteriorly  below  Mj;  ventral  ridge  of  masseteric 
scar  much  stronger  than  dorsal  ridge;  ascending  ramus  widely  separated  from  tooth  row  laterally; 
diastema  long  (subequal  in  length  to  tooth  row)  and  shallow;  mental  foramen  at  mid-depth  of  mandible. 

I,  flattened  mesially,  rounded  anteriorly  and  laterally;  enamel  extending  nearly  half  the  height  of 
the  tooth  on  the  mesial  and  lateral  sides;  four  longitudinal  ridges  on  anterior  face  of  enamel,  one  along 
mesial  comer  of  anterior  surface,  one  central,  and  two  (very  closely  situated  to  one  another)  lateral 
to  center  of  tooth,  not  on  lateral  edge. 

Cheek  teeth  relatively  high-crowned  (higher  than  in  Leidymys),  strongly  lophate;  M,  longest  lower 
molar;  metalophid  narrower  than  hypolophid;  metaconid  subequal  to  protoconid  in  size,  positioned 
slightly  anterior  to  protoconid;  protoconid  attaching  to  metaconid  posteriorly  by  way  of  metalophulid 
II;  anterior  cingulid  running  buccally  from  metaconid,  joining  small  anteroconid  at  center  of  tooth; 
buccal  end  of  anterior  cingulid  free,  separated  from  protoconid  by  deep  valley  of  variable  width 
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(generally  narrow);  mesolophid  long,  extending  to  lingual  edge  of  tooth;  entoconid  anterior  to  hypo- 
conid;  hypoconid  crescentic;  posterolophid  relatively  short,  not  extending  entire  width  of  tooth,  con- 
necting to  hypoconid  buccally,  free  lingually. 

M2  shorter  and  wider  than  M,;  metaconid  even  with  protoconid  (anteroposteriorly);  anterior  cingulid 
closely  appressed  to  metalophid,  recognizable  only  at  buccal  and  lingual  ends  of  metalophid  as  short 
spurs,  disappearing  completely  with  advanced  wear;  mesolophid  moderate  to  long  (not  always  ex- 
tending to  lingual  edge  of  tooth);  on  UNSM  24123,  mesolophid  appearing  as  large  isolated  cusp; 
hypolophid  and  posterolophid  as  in  M,. 

Metalophid  and  anterior  cingulid  of  M3  as  in  M2;  hypolophid  narrower  than  metalophid,  elongate 
posteriorly;  mesolophid  short,  commonly  uniting  with  entoconid  lingually;  hypolophid,  posterolophid, 
and  posterior  cusps  as  in  M2  but  buccolingually  compressed  and  anteroposteriorly  elongated, 

Anterocone  on  M‘  large,  buccally  positioned;  lingual  comer  of  anterocone  joining  protoloph  lingually 
at  buccal  edge  of  protocone;  protocone  and  hypocone  crescentic;  paracone  and  metacone  anteropos- 
teriorly compressed;  mesoloph  long,  reaching  buccal  edge  of  tooth;  posterior  cingulum  very  short, 
arising  from  lingual  half  of  metaloph,  extending  less  than  half  width  of  tooth;  posterior  cingulum 
disappearing  at  very  early  stage  of  wear. 

M^  nearly  identical  to  M*  with  lack  of  anterocone;  anterior  cingulum  running  entire  width  of  tooth, 
arising  from  protocone,  joining  paracone  lingually  in  late  wear. 

smallest  tooth;  similar  in  morphology  to  M^  but  narrower  posteriorly;  protoloph  and  mesoloph 
as  in  M^;  metacone  buccolingually  compressed,  joining  short  posteroloph  posteriorly,  commonly 
joining  buccal  end  of  mesoloph. 

Discussion.— Packuius  nebraskensis  most  closely  approaches  P.  insoUtus  and 
P.  woodi  in  morphology.  Packulus  nebraskensis  and  the  latter  two  species  differ 
from  P.  montanus  (including  ‘T.  insoUtus""  of  Nichols,  1976)  in  the  following 
characters:  1)  more  buccal  union  of  the  anterocone  to  the  protoloph  on  M*  (with 
wear,  this  union  is  along  the  lingual  margin  of  the  tooth  in  P.  montanus);  2)  shorter 
posterior  cingulum  on  the  upper  molars;  3)  large  metaconid  united  to  protoconid 
and  anteroconid  on  Mi  (in  P.  montanus  minute  to  absent,  not  connected  to 
protoconid,  metalophulid  II  incomplete);  4)  separation  of  the  protoconid  from 
buccal  end  of  anterior  cingulid  (joined  in  P.  montanus);  and  5)  anterior  cingulid 
much  more  closely  appressed  to  metalophid  on  M2--M3  (separated  for  almost 
entire  width  in  P.  montanus).  In  addition,  P.  montanus  has  a minute  lophule 
running  posteriorly  from  the  center  of  the  anterior  cingulid  on  Mj,  which  is  not 
present  in  P.  insoUtus,  P.  woodi,  or  P.  nebraskensis. 

Packulus  nebraskensis  differs  from  the  older  P.  woodi  in  being  much  larger  (J. 
R.  Macdonald,  1970:table  33)  and  having  a stronger  anterior  cingulid  on  Mj. 
While  P.  insoUtus  is  similar  in  size  to  P.  nebraskensis,  the  width  relative  to  the 
length  of  the  upper  molars  of  P.  insoUtus  is  greater  than  in  any  specimen  referred 
here  to  P.  nebraskensis. 

The  longitudinal  ridges  on  b of  P.  nebraskensis  are  similar  to  those  figured  for 
P.  montanus  CP.  insoUtus,""  Nichols,  1976:fig.  13A;  L.  D.  Martin,  1980:fig.  26E). 
The  only  difference  is  that  the  two  most  lateral  ridges  are  much  closer  together 

in  P.  nebraskensis. 

The  precise  horizon  of  the  type  specimen  of  P.  nebraskensis  (UNSM  66166)  is 
uncertain,  but  Alker  (1969)  and  L.  D.  Martin  (1980)  suggested  that  it  was  from 
the  early  Arikareean  Gering  Formation,  based  on  matrix  attached  to  the  associated 
postcranial  elements  and  the  identification  of  a specimen  from  the  Gering  referred 
to  P.  nebraskensis.  This  would  make  the  holotype  stratigraphically  older  than  the 
material  referred  here  from,  the  McCann  Canyon  fauna.  However,  the  referred 
specimen  cited  by  L.  D.  Martin  (1980)  is  not  referable  to  Packulus  (see  above 
discussion),  and  association  of  the  postcranial  elements  with  the  dental  elements 
of  the  holotype  of  P.  nebraskensis  is  questionable.  Contrary  to  L.  D.  Martin’s 
(1980:35)  discussion,  fusion  of  the  epiphyses  of  the  questionably  associated  long 


122 


Annals  of  Carnegie  Museum 


VOL.  61 


bones  of  the  holotype  is  more  advanced  than  would  be  expected  in  an  individual 
with  the  unerupted  cheekteeth  of  the  holotype  (L.  D.  Martin,  1980:fig.  22J-N). 
The  holotype  of  P.  nebraskensis  much  more  likely  came  from  a higher  horizon 
than  previously  believed,  because  of  the  later  occurrence  of  the  Cr- 1 1 7 and  Cr- 
125  material  and  specimens  cited  by  L.  D.  Martin  (1980:35)  from  the  Monroe 
Creek  Formation  of  Wyoming. 

Family  Zapodidae  Coues,  1875 
Plesiosminthus  YixqX,  1926 
Plesiosminthus  cf  P.  clivosus  Galbreath,  1953 

Referred  specimen. —IJNSM  24020,  partial  mandible  with  LMj. 

— UNSM  locality  Cr-1 17. 

Description  and  discussion.  —The  M3  of  UNSM  24020  is  heavily  worn  and  little 
can  be  determined  from  the  occlusal  pattern  of  the  tooth.  The  occlusal  outline 
and  size  of  the  tooth  are  that  of  Plesiosminthus.  UNSM  24020  is  referred  to  P. 
clivosus  because  that  is  the  only  available  name  for  Arikareean  species  of  Ple- 
siosminthus since  Korth  (1980Z?)  synonymized  P.  geringensis  (L.  D.  Martin,  1974) 
with  the  Hemingfordian  P.  clivosus.  Plesiosminthus  clivosus  is  clearly  separable 
from  Schaubeumys  based  on  dental  morphology  (Wilson,  1960;  Engesser,  1979; 
Korth,  1980Z?). 


Order  Lagomorpha  Gidley,  1912 
Family  Ochotonidae  Thomas,  1896 
Gripholagomys  GvQtn,  1972 
Gripholagomys  lavocati  Green,  1972 
(Table  14) 

Referred  — 24159  to  24163,  and  24205,  isolated  teeth  only. 

Discussion.  — The  UNSM  specimens  of  G.  lavocati  do  not  differ  in  size  or  mor- 
phology from  the  slightly  younger  topotypic  material  from  South  Dakota.  In  the 
original  description  of  this  species.  Green  (1972)  also  referred  several  specimens 
from  the  Monroe  Creek  Formation  of  South  Dakota.  Therefore,  the  recognition 
of  G.  lavocati  from  the  Harrison  Formation  does  not  increase  the  known  temporal 
range  of  the  species. 


Family  Leporidae  Gray,  1821 
Archaeolagus  DicQ,  1929 
Archaeolagus  cf  A.  primigenius  (Matthew,  1907) 

(Table  14) 

Referred  specimens. 24164,  24165,  24203,  and  24204,  isolated  cheek  teeth. 

i)/ycw55/o?2.  — Reference  of  the  Nebraska  specimens  to  Archaeolagus  is  based  on 

hypsodonty  of  the  cheek  teeth  and  the  deep,  straight- sided  hypostriae  of  the 
isolated  upper  molars.  The  specimens  from  Nebraska  are  mostly  fragmentary  and 
there  are  no  specimens  of  the  diagnostic  P3,  so  specific  identification  can  only  be 
made  by  size.  J.  R.  Macdonald  (1970)  identified  a single  specimen  (SDSM  6294) 
from  the  Monroe  Creek  Formation,  South  Dakota  as  A.  cf  ennisianus,  a species 
elsewhere  known  from  the  Arikareean  of  the  John  Day  Formation  of  Oregon 
(Dawson,  1958). 

The  measurable  specimens  from  Nebraska  are  larger  than  A.  ennisianus  (Daw- 
son, 1958:table  9;  Table  14)  but  smaller  than  A.  macrocephalus  from  the  Hem- 
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Table  \4.~ Dental  measurements  of  lagomorphs  from  Cr-117  and  Cr-125.  Measurements  in  mm. 


p2 

P' 

p4 

M'  or  M' 

UNSM  no. 

a-p  tr 

a-p 

tr 

a-p 

tr 

a-p  tr 

Archaeolagus  cf.  A.  primigenius 

24203 

24164 

24164 

2.15 

1.97 

2.51 

3.88 

2.15  3.74 

24164 

24164 

1.25  2.15 

1.89  3.72 

Gripholagomys  lavocati 

24162 

24162 

1.59  2.28 

1.73 

3.03 

24162 

1.83 

3.34 

24163 

1.72 

2.84 

Lower  molariform  tooth 

M, 

a-p 

tra 

trp 

a-p 

tra 

trp 

Archaeolagus  cf.  A.  primigenius 

24204 

2.76 

3.12 

2.29 

24164 

24164 

2.45 

2.30 

2.02 

2.32 

2.24 

1.74 

Gripolagomys  lavocati 

24159 

2.09 

2.36 

1.66 

24159 

2.03 

2.47 

1.72 

24159 

2.07 

2.28 

1.57 

24159 

2.07 

2.20 

1.50 

24159 

1.93 

2.25 

1.69 

24159 

24159 

2.06 

2.12 

1.50 

1.71 

1.62 

1.14 

24159 

1.67 

1.65 

1.06 

24159 

24205 

1.78 

2.10 

1.41 

1.52 

1.50 

1.12 

24205 

2.24 

2.20 

1.65 

24205 

2.15 

2.29 

1.56 

24205 

24205 

2.14 

2.20 

1.54 

1.70 

1.61 

0.91 

ingfordian  Rosebud  Formation.  They  most  nearly  approach  the  size  of  A.  pri- 
migenius,  which  was  previously  known  only  from  the  same  horizon  (Green,  1972: 
table  4).  Until  a sample  of  diagnostic  dentitions  can  be  recovered,  it  is  impossible 
to  assign  confidently  the  Cr-117  and  Cr-125  material  to  any  known  species  of 
Archaeolagus. 

Conclusions 

The  McCann  Canyon  local  fauna,  the  first  diverse  micromammalian  fauna  ever 
described  from  the  Harrison  Formation,  can  now  be  compared  in  greater  detail 
with  other  Arikareean  faunas,  especially  from  the  Great  Plains.  No  rodents,  lag- 
omorphs or  insectivores  were  used  by  Tedford  et  al.  (1987)  to  establish  the  bio- 
stratigraphic  boundary  between  early  and  late  Arikareean,  and  only  two  rodents 
were  used  in  defining  the  late  phase  of  the  late  Arikareean  (first  occurrence  of 
Mylagaulodon  and  last  occurrence  of  entoptychine  gophers).  However,  with  the 
addition  of  the  McCann  Canyon  fauna,  the  boundary  between  early  and  late 
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16  genera 
Capatank  a 
Eutypomys 

Geringia 
Palaeolagus 
T r I m y I u s 
Alwoodia 

Parailomy  s 
Protosciurus 

T rilaccogaulus 
A r ik  areeomy  s 
Gripholagomy  s 
My  stipterus 
Promy  lagaulus 

Archaeolagus 
Gregory my s 

Parveric  jus 

Pleurolicus 

Pseudotheridomys 

Scalopoides 

17  genera 


early 


late 


EARLY  ARIKAREEAN 


LATE 

ARIKAREEAN 


EARLY 

HEMING 

FORDIAN 
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Arikareean  can  be  better  defined.  The  micromammalian  faunas  to  be  compared 
with  the  McCann  Canyon  fauna  are:  Sharps  fauna.  South  Dakota  (J.  R.  Macdon- 
ald, 1963,  1970),  and  Gering  fauna,  Nebraska  (L.  D.  Martin,  1973)— early  phase, 
early  Arikareean;  Monroe  Creek  fauna,  South  Dakota  (J.  R.  Macdonald,  1963, 
1970;  L.  J.  Macdonald,  1972)— late  phase,  early  Arikareean;  Black  Bear  Quarry 
fauna.  Rosebud  Formation,  South  Dakota  (Martin  and  Green,  1984),  Batesland 
Formation  fauna.  South  Dakota  (J.  E.  Martin,  1976),  Quarry  A fauna,  Colorado 
(Wilson,  1 960),  Split  Rock  local  fauna,  Wyoming  (Sutton,  1 972;  K.  Munthe,  1981; 
J.  Munthe,  1988),  Runningwater  Formation  faunas  (L.  D.  Martin  and  Comer, 
1980;  Korth,  et  ah,  1990)— early  Hemingfordian.  Unfortunately,  no  micromam- 
malian fauna  has  been  described  from  the  late  phase  of  the  late  Arikareean.  The 
fauna  that  characterizes  this  phase  is  the  Agate  Springs  fauna  from  Sioux  County, 
Nebraska  (Tedford  et  aL,  1987),  from  which  no  small  mammals  have  been  de- 
scribed. 

Five  genera  of  small  mammals  in  the  early  Arikareean  do  not  survive  into  the 
McCann  Canyon  late  Arikareean  (Fig.  17):  the  talpid  Trimylus;  the  castoroids 
Capatanka  and  Eutypomys;  the  cricetid  Geringia,  and  the  lagomorph  Palaeolagus. 
Of  these  genera,  the  ranges  of  both  Eutypomys  and  Paleolagus  extend  back  into 
the  early  Oligocene,  while  the  others  first  occur  in  the  early  phase  of  the  early 
Arikareean.  Three  genera  of  micromammals  first  appear  in  the  late  Arikareean: 
the  talpid  Mystipterus;  the  rodent  Promylagaulus  and  the  ochotonid  lagomorph 
Gripholagomys.  The  ranges  of  these  genera  extend  into  the  Hemingfordian.  Only 
one  genus  of  rodent  is  restricted  to  the  late  Arikareean:  the  eomyid  Arikareeomys. 
Five  species  from  the  McCann  Canyon  fauna  (=late  Arikareean)  are  advanced 
over  known  species  from  the  early  Arikareean.  The  insectivores  Centetodon  dk 
varicatus,  Amphechinus  sp,,  and  Ocajila  sp.  are  all  larger  than  the  species  of  these 
genera  from  early  Arikareean  faunas.  Hitonkala  macdonaldtau  from  the  McCann 
Canyon  fauna  is  larger  and  has  a more  complex  morphology  of  the  upper  premolar 
than  does  the  early  Arikareean  H.  andersontau.  Paciculus  nebraskensis  from 
McCann  Canyon  is  similarly  larger  with  higher-crowned  cheek  teeth  than  the  early 
Arikareean  P.  woodi. 

The  boundary  between  the  early  and  late  Arikareean  as  defined  by  Tedford  et 
al.  (1987),  even  with  the  additions  cited  above,  is  still  not  as  distinct  as  boundaries 
between  the  early  and  late  phases  of  the  early  Arikareean  and  the  boundary 
between  the  late  Arikareean  and  the  Hemingfordian.  Sixteen  genera  of  small 
mammals  present  in  the  early  phase  of  the  early  Arikareean  are  not  known  from 
any  later  horizon,  and  ten  genera  first  occur  in  the  late  phase  of  the  early  Ari- 
kareean. Likewise,  1 7 genera  of  micromammals  first  appear  in  the  Hemingfordian. 
Eleven  genera  last  occur  in  the  late  Arikareean  (Fig.  17).  It  is  not  known  whether 
these  genera  extend  into  the  late  phase  of  the  late  Arikareean  or  are  limited  to 
the  early  phase. 

The  McCann  Canyon  fauna  has  greater  homotaxial  similarity  to  the  Monroe 
Creek  fauna  of  South  Dakota  than  to  any  other  fauna  (Table  1).  Ten  species  are 
found  in  common,  and  three  are  exclusive  to  these  faunas:  Alwoodia  harkseni, 
Parallomys  americanus,  and  Trilaccogaulus  ovatus.  This  suggests  that  these  faunas 


Fig.  17.— Ranges  of  genera  of  small  mammals  in  the  Arikareean  and  early  Hemingfordian  of  the  Great 
Plains. 
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are  similar  in  age  and  that  the  McCann  Canyon  fauna  is  very  near  the  early 

Arikareean/late  Arikareean  boundary. 
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Abstract 

The  second  report  of  the  retroplumid  crab  Costacopluma  in  America  is  documented  by  the  de- 
scription of  Costacopluma  bishopi  n.  sp.  on  the  basis  of  small  exuviae,  interpreted  to  be  juveniles,  in 
Maastrichtian  deposits  of  Guerrero,  southern  Mexico.  The  Mexcala  Formation  is  a flysch-like  sequence 
interpreted  to  be  deltaic  sediments  deposited  at  the  edge  of  an  eastward  accreting  margin.  Comparison 
with  the  three  other  described  species  of  Costacopluma  suggests  that  this  genus  contains  two  phyletic 
groups:  one  American  and  one  African;  however,  lack  of  cuticle  in  the  retroplumids  from  Guerrero 
makes  it  difficult  to  describe  the  species  fully.  The  Retroplumidae  is  considered  to  contain  Archaeopus, 
Costacopluma,  Cristipluma,  Bathypluma  and  Retropluma,  the  first  of  which  is  the  oldest  known  genus 
within  the  family.  An  American  origin  for  the  Retroplumidae  is  proposed,  and  the  presence  of  Cos- 
tacopluma in  the  Coniacian-Paleocene  of  West  Africa  and  the  Maastrichtian  of  North  India  is  explained 
on  the  basis  of  an  eastward  dispersal  from  North  America.  Paleobiogeographic  distribution  of  crabs 
inhabiting  the  inner  sublittoral  during  the  Late  Cretaceous  was  influenced  by  paleoclimatic  factors. 
During  Maastrichtian  time,  dakoticancrid  crabs  were  prevalent  in  the  Western  Interior  and  Atlantic 
and  Gulf  Coastal  Plain  shelf  decapod  assemblages,  while  in  northeastern  and  southern  Mexico,  retro- 
plumid crabs  were  the  dominant  element.  Late  Cretaceous  regression  severely  affected  shelf  benthic 
communities,  resulting  in  extinction  of  American  retroplumids  and  a decrease  in  the  African  and 
Indian  populations.  The  remaining  few  retroplumid  representatives  radiated  into  deep  water  subse- 
quent to  Paleocene  time.  The  Indo-Pacific  distribution  of  the  nine  extant  retroplumid  species  is  a 
relict  of  a once  wider  distribution. 


Introduction 

Crabs  are  among  the  rarest  fossils.  Often  they  are  inconspicuous  in  outcrops 
with  high  diversity  and  abundance  of  other  invertebrates.  Only  rarely  do  they 
occur  as  decapod-dominated  assemblages.  Frequently  they  are  found  accidentally 
while  prospecting  for  other  macrofauna  in  fossiliferous  sequences.  Preservational 
styles  and  specimen  size  are  unpredictable  even  when  the  paleoenvironment  of  a 
sedimentary  sequence  is  well  understood.  Periodic  molting  generates  a relatively 
large  number  of  exuviae  which  may  be  displaced  far  from  where  the  crab  molted. 
Size  distribution  of  fossils  is  dependent  upon  age  of  the  crabs,  habitat  of  juveniles 
and  adults,  and  energy  of  the  environment.  As  the  crab  grows,  the  chitinous 
exoskeleton  becomes  more  durable  as  additional  carbonate  is  incorporated.  For 
this  reason,  juvenile  exuviae  tend  to  be  more  delicate  and  their  preservation  is 
less  likely. 
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Fig.  1.  — Location  map  of  the  area  studied  in  Guerrero,  southern  Mexico,  south  of  Mexico  City. 


This  paper  describes  what  are  interpreted  to  be  juvenile  exuviae  of  the  genus 
Costacopluma  found  in  a Maastrichtian  terrigenous  sequence  assigned  provision- 
ally to  the  Mexcala  Formation,  of  Guerrero  in  southern  Mexico  (Fig.  1).  Paleoen- 
vironmental  interpretations  and  paleobiogeographical  implications  are  suggested 
as  the  basis  for  future  paleocurrent  and  paleogeographic  reconstructions  for  the 
Maastrichtian  in  this  portion  of  North  America. 

Relatively  few  fossil  crabs  have  been  reported  from  Mexico.  The  stratigraph- 
ically  oldest  malacostracan  from  Mexico  (Alencaster,  1977)  is  Astracodes  sp.  cf 
A.  maxwelli  Stenzel  from  the  Hauterivian- Aptian  (Early  Cretaceous)  limestones 
of  the  San  Lucas  Formation  in  Guerrero.  Stenzel  (1944)  reported  Graptocarcinus 
muiri  Stenzel  from  the  Aptian  Taninul  Limestone  in  San  Luis  Potosi.  Meyeria 
mexicana  Rathbun  was  found  in  the  Cuchillo  Parado  Formation  (Aptian)  in 
Chihuahua  (Rathbun,  1935).  Rathbun  (1 930)  reported  Podophthalmus  (?)  sp.  from 
Upper  Cretaceous  deposits  of  Villagran  in  Tamaulipas.  Maastrichtian  decapods 
from  northeastern  Mexico  include:  Enoploclytia  tumimanus  Rathbun  from  the 
Escondido  Formation  (Rathbun,  1935);  Costacopluma  mexicana  Vega  and  Per- 
rilliat,  from  the  Potrerillos  Formation  of  the  Difunta  Group  (Vega  and  Perrilliat, 
1989);  Dakoticancer  australis  Rathbun,  and  Mascaranada  difuntaensis  Vega  and 
Feldmann,  from  the  Potrerillos  Formation  (Vega  and  Feldmann,  1991).  Xandarus 
sternbergi  (Rathbun)  was  reported  and  redescribed  as  Zanthopsis  sternbergi  (Rath- 
bun, 1926),  from  the  Maastrichtian  Rosario  Formation  of  northwestern  Mexico, 
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in  Baja  California  (Bishop,  1988).  Tertiary  deposits  from  Jalisco  contain  the 
isopod  Sphaeroma  burkartii  Barcena  (Barcena,  1875;  Hessler,  1969).  Five  Eocene 
decapods  from  Baja  California  were  described  by  Rathbun  (1930):  Calappilia 
hondoensis  Rathbun,  Callianassa  tepetatensis  Rathbun,  and  Raninia  sp.  from  the 
upper  Eocene  Tepetate  Formation;  Lobonotus  mexicanus  Rathbun,  and  Monte- 
zumella  tubulata  Rathbun  from  the  upper  Eocene  beds  of  Arroyo  Colorado. 
Harpatocardnus  americanus  Rathbun  from  Tamaulipas  and  Callianassa  pustu- 
lata  Whiters  from  Veracruz  (Rathbun,  1930)  are  also  Eocene  in  age.  Oligocene 
deposits  from  Mexico  contain  Xanthosia  americana  Rathbun  from  Tepetate,  Baja 
California;  Scylla  costata  Rathbun  from  an  unknown  locality;  Calappa  zurcheri 
Bouvier  from  Veracruz;  C.  Jlammea  (Herbst)  from  Tepetate,  Baja  California 
(Rathbun,  1930),  and  Callianassa  vaughani  Rathbun  from  San  Fernando,  Ta- 
maulipas (Rathbun,  1935).  Raninoides  mexicanus  Rathbun  and  Callianassa  pel- 
lucida  Rathbun  were  reported  from  Miocene  deposits  of  Veracruz  (Rathbun, 
1930). 

The  Retroplumidae,  erected  by  Gill  (1894),  includes  Archaeopus  Rathbun,  1908; 
Costacopluma  Collins  and  Morris,  1975;  Cristipluma  Bishop,  1983,  Retropluma 
Gill,  1894  {=Archaeoplax  AXcock  and  Anderson,  1894  non  Stimpson,  1863),  and 
Bathypluma  (Saint  Laurent,  1989).  The  last  two  are  the  only  extant  genera  in  the 
family.  Retropluma  and  Bathypluma  are  represented  by  nine  species  inhabiting 
Indo-Pacific  seas  (Saint  Laurent,  1989).  Late  Cretaceous  Retroplumidae  from 
North  America  include  Archaeopus  antennatus  Rathbun  from  the  Chico  For- 
mation of  California  (Rathbun,  1908);  A.  vancouverensis  Woodward  from  the 
Spray  Formation  of  British  Columbia  (Woodward,  1896);  and  Cristipluma  mis- 
sissippiensis  Bishop  from  lower  Maastrichtian  deposits  of  the  Coon  Creek  For- 
mation, Mississippi  (Bishop,  1983).  Costacopluma  mexicana  Vega  and  Perrilliat 
from  the  upper  Maastrichtian  Potrerillos  Formation  in  Nuevo  Leon,  Mexico,  is 
the  first  report  for  that  genus  in  America  (Vega  and  Perrilliat,  1989).  The  descrip- 
tion of  Costacopluma  was  based  on  C.  concava  Collins  and  Morris  (1975)  from 
Upper  Cretaceous  deposits  in  Nigeria,  a species  subsequently  reported  from  the 
Maastrichtian  of  north  India  (Gaetani  et  al.,  1983).  Collins  and  Morris  (1975) 
transferred  Archaeopus  senegalensis  Remy,  from  the  Paleocene  of  Senegal,  to 
Costacopluma.  The  oldest  record  of  Costacopluma  is  C.  concava,  from  the  Con- 
iacian  Arugu  Limestone  of  Nigeria  (Collins  and  Morris,  1975). 

Locality 

Crab  remains  reported  herein  were  found  by  F.  J.  Vega  and  E.  Centeno  during 
a winter  field  trip  to  northern  Guerrero,  Mexico,  in  1989.  The  studied  area  is 
located  125  km  south  of  Mexico  City  (Fig.  1),  near  the  borderline  between  the 
states  of  Puebla,  Morelos  and  Guerrero.  The  most  important  nearby  town  is 
Atenango  del  Rio,  Guerrero.  Access  from  Mexico  City  is  via  Highway  #95,  Mex- 
ico-Acapulco.  About  5 km  beyond  Iguala,  Guerrero,  a crossroad  leads  to  Atenango 
del  Rio.  From  this  point,  a dirt  road  to  the  northeast  passes  beside  Texmalac. 
About  4.5  km  beyond  Texmalac,  a roadcut  on  the  right  side  (Fig.  2)  exposes  bright 
brown  marls  that  contains  shell  fragments,  plant  debris,  micromolluscs,  and  the 
little  crab  molds.  These  sediments  have  been  provisionally  assigned  to  the  Mexcala 
Formation.  The  locality  is  registered  in  the  Locality  Catalogus  of  the  Museo  de 
Paleontologia  of  the  Instituto  de  Geologia  at  the  Universidad  Nacional  Autonoma 
de  Mexico  (UN AM)  under  number  IGM-2448. 
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material  was  collected,  northeast  from  Atenango  del  Rio,  Guerrero. 


Stratigraphy  and  Paleoenvironment 

The  Mexcala  Formation  was  defined  by  Fries  (1960:72)  based  upon  the  type 
section  proposed  by  Bohnenberg-Thomas  (1955)  for  a flysch  sequence  composed 
of  1220  m of  rhythmic  alternation  of  coarse  and  fine  elastics  that  crop  out  at  the 
edge  of  Rio  Mexcala,  near  the  town  of  the  same  name  in  Guerrero.  Lithologically, 
the  Mexcala  Formation  exhibits  lateral  and  vertical  variation,  although  the  basal 
portion  consists  of  dark  limestones,  siltstones  and  mudstones  that  owe  their  color 
to  a high  organic  content.  Sandstones  become  more  frequent  toward  the  top  of 
the  formation  and  conglomerates  mark  the  upper  limit  of  the  unit.  The  Mexcala 
rests  conformably  upon  the  Cuautla  Formation,  which  is  composed  of  limestones 
that  become  more  arenaceous  at  the  top,  near  the  base  of  the  Mexcala.  Erosion 
has  removed  the  upper  portions  of  the  Mexcala  Formation  in  most  outcrop  areas, 
but  in  central  Guerrero  a continental  sequence  of  red  conglomerates  rests  uncon- 
formably  upon  the  Mexcala  (Lopez-Ramos,  1983).  The  Tetelcingo  Formation,  of 
apparent  Maastrichtian  age,  rests  unconformably  upon  the  Mexcala  Formation 
at  Tetelcingo,  40  km  west  of  Texmalac  (Ortega-Gutierrez,  1980).  Davila-Alcocer 
(1974)  subdivided  the  Mexcala  Formation  into  three  members,  based  upon  the 
following  vertical  lithologic  variations  (from  base  to  top):  1)  calcareous  siltstones 
and  mudstones;  2)  mudstones  and  sandstones;  and  3)  sandstones  and  conglom- 
erates. Subsequently,  Cserna  et  al.  (1980)  studied  the  Mexcala  Formation  in  the 
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basin  of  the  high  Rio  Balsas,  Guerrero  and  Michoacan.  They  noticed  that  the 
contact  between  the  Cuautla  and  Mexcala  formations  became  unconformable  to 
the  east.  Based  on  a lithologic  and  biostratigraphic  analysis,  they  proposed  that 
the  Laramide  orogenic  event  affected  Mexcala  deposition.  Gonzalez-Pacheco  (1 988) 
subdivided  the  Mexcala  Formation  in  eastcentral  Guerrero  into  two  members 
(shallow  and  deep  members),  based  upon  very  different  lithologic  characteristics 
from  those  described  for  the  type  section. 

Bohnenberg-Thomas  (1955)  found  Didymotis  cf  D.  trinidadensis  at  the  base  of 
the  Mexcala  in  the  type  section.  This  bivalve  is  indicative  of  an  early  Coniacian 
age,  although  Bose  (1923)  assigned  those  forms  to  species  of  Inoceramus  of  Tu- 
ronian  age.  Microfossil  analysis  suggests  a Turonian  age  for  the  base  of  the  Mexcala 
Formation  (Lopez-Ramos,  1983).  Davila-Alcocer  (1974)  found  several  ammonite 
species  that  confirm  a Coniacian  age  for  the  Mexcala  in  the  central  portion  of 
Guerrero.  He  also  found,  further  to  the  east,  Tissotia  sp.,  Placenticeras  sp.  (Gon- 
zalez-Arreola,  1977),  and  Anchura  cf  A.  umbrana,  Turritella  shuleri,  Trochus 
(Tectus)  texanus  (Perrilliat-Montoya,  1974),  all  indicative  of  a Senonian  age. 
Alencaster  (1980)  reported  several  gastropod  species  indicative  of  a Maastrichtian 
age  from  the  same  unit  in  which  the  crabs  described  herein  were  collected.  Gon- 
zalez-Pacheco (1988)  assigned  a Turonian-Coniacian  age  to  his  two  members  and 
suggested  that  the  sediments  containing  fossil  crabs  are  from  the  upper  portion 
of  the  Mexcala  Formation,  or  his  ‘'deep  Member,”  from  which  he  measured  255.5 
m of  alternating  siltstones  and  sandstones. 

Flysch  deposits  of  the  Mexcala  Formation  are  indicative  of  turbiditic  sedi- 
mentation in  marginal  basins  with  moderate  depth  (Lopez-Ramos,  1983).  De- 
position began  in  the  Turonian,  when  the  first  pulsations  of  the  Laramide  orogeny 
caused  erosion  of  positive  elements  to  the  west  and  deposition  of  clay  and  sand 
that  filled  the  basins  to  the  east  as  orogeny  continued  (Ontiveros,  1973).  For  this 
reason,  the  Mexcala  Formation  becomes  younger  and  shallower  to  the  east.  The 
Mexcala  Formation  may  be  as  young  as  Tertiary  in  some  areas. 

Fossil  crabs  were  found  in  light  brown  marls  that  rest  just  above  the  angular 
discordance  that  separates  the  underlying  Cuautla  Formation  from  the  Mexcala 
Formation.  Intense  deformation  makes  it  difficult  to  measure  an  entire  section  at 
the  collecting  site,  but  a composite  sequence  is  estimated  to  be  260  m thick  (Fig. 
3).  Associated  fauna  includes  some  dinoflagellate  cysts,  planktonic  and  benthic 
foraminifera,  corals,  gastropods,  bivalves,  cephalopods,  annelids,  crustacean  che- 
lae, echinoderms,  indeterminate  fish  remains,  shark  teeth,  and  indeterminate 
bones.  Also  included  are  plant  fragments,  palynomorphs  and  kerogenic  material 
of  lignitic  type.  Excellent  preservation  of  delicate  molluscan  shells,  absence  of 
cross-bedding,  and  the  nature  of  the  fossil  assemblage  suggest  a low  energy  en- 
vironment in  a shallow  platform  setting.  This  conclusion  opposed  other  paleoen- 
vironmental  interpretations  for  deep  water  environments  for  these  deposits  (Gon- 
zalez-Pacheco, 1988) 

The  tectonic  evolution  of  this  portion  of  southern  Mexico  suggests  that  these 
sediments  remained  in  a platform  environment  until  diagenesis.  Palynomorphs 
associated  with  the  fossil  crabs  suggest  tropical  habitat  in  a coastal  humid-hot 
climate  (Martinez-Hemandez,  E.,  personal  communication).  Some  of  these  paly- 
nomorphs include  the  spores  Stereisporites  sp.,  Acanthotriletes  sp.  (abundant), 
Camarozonosporites  sp.,  Heliosporites  sp.,  Gleicheniidites  sp.;  gymnospermae  pol- 
len, Araucariacites  sp.,  Classopollis  sp.  (abundant),  Ephedripites  (abundant);  and 
angiosperm  pollen,  Alnipollinites  sp. 
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Red  coorse  sandstones  and  colcoreous  conglomerates  consolida- 
ted by  sand  and  cloy.  Continentol  deposits  of  volcanic  alluvial, 
fluviol  and  lacustrine  origins.  No  fossils  preserved. 


Dark-gray  to  dork-green  calcareous  siltstones  ond  mudstones  inter 
bedded  with  dark-brown  calcareous  sandstones.  Low  diversity  of 
gastropods  and  bivalves  which  however  are  greater  than  those 
found  in  other  focies.  Prodeltoic  facies  with  moderate  depth. 


Light -brown  marl.  Colcoreous  sondstone  of  light-qroy  to  light 
brown  colour. 

Siltstones  and  mudstones  containing  abundant  and  diverse 
fauna;  forominitera,  corals,  gastropods,  bivalves,  ommonoids, 
annelids,  crustoceons ICostocoplumo  sp.), shark  theef  and  bones 
Echmoids  found  in  sandstones  exclusively  Low  energy  shallow 
deltaic  platform  facies. 

Dark-brown  to  dark-gray  calcareous  sandstones,  interbedded 
with  mudstones  and  siltstones  of  light -brown  colour. 

Abundant  micromolluscs,  ommonite  fragments, chelae, forominife- 
ro,  wood  remains; 

Shallow  subtidod  with  relatively  high  energy  in  proximol 
platform  deltaic  facies. 

(Interdistributary  deposits). 


Agrilloceous  limestones  interbedded  with  calcareous  siltstones 
and  mudstones  of  light -brown  colour.Rudists,gaslropods,echino- 
ids,  forominitera,  corals,  and  plant  debris.  Morginal  basin  with 
strong  fluviol  influx. 

Pockstones  to  ogrillaceous  wockeslones  of  intraclasl  and  bio- 
closts  of  dork-groy  and  block  colour.  Shell  trogments,  echinoid 
remoins,  toraminitera. 

Arrecitol  focies. 

Pockstones  to  groinstones  of  biociosts  and  infraclosts  from 
dork-groy  to  light-groy.  Shell  fragments  ond  echinoid  remains, 
benihonic  forominiferQ  and  olgoe.  Evoporitic  lagoon  focies. 
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Fig.  3.— Composite  stratigraphic  column  of  Atenango  del  Rio  area.  Fossil  content  distribution  and 
paleoenvironmental  interpretation  is  shown  along  with  a brief  description  of  lithology. 


Facies  changes  in  relatively  short  distances  are  observed  in  the  Mexcala  For- 
mation, and  an  estimated  high  rate  of  sedimentation  of  kerogenic-rich  material, 
suggest  a direct  fluvial  influx  over  a small  deltaic  platform.  It  appears  that  Cos- 
tacopluma  spp.  preferred  such  environments,  as  C concava  was  found  in  Upper 
Cretaceous  deltaic  sediments  of  Nigeria  (Reyment,  1956).  Costacopluma  concava 
from  north  India  was  found  in  sediments  that  represent  a shallow  marine  envi- 
ronment with  a minor  amount  of  terrigenous  material  derived  from  the  Indian 
Craton  (Gaetani  et  al.,  1983:101).  Costacopluma  mexicana  is  abundant  in  lower 
delta-platform  deposits  of  the  Potrerillos  Formation  (Difunta  Group)  in  Maas- 
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trichtian  northeastern  Mexico  (Vega,  1988;  Vega  and  Perrilliat,  1989).  Paleocene 
sandy  limestones  of  Senegal  contain  C senegalensis.  A paleoenvironmental  anal- 
ysis of  the  Senegal  sequence  suggests  a well-aerated  sea  with  a maximum  depth 
of  50  m (Tessier,  1952).  Based  upon  the  associated  fauna  of  molluscs,  bryozoans 
and  echinoderms  (Gorodisky  and  Remy,  1959:315),  a shallow  marine  environ- 
ment with  low  clastic  influx  is  indicated.  Recent  petrographic  analysis  and  study 
of  primary  structures  observed  in  the  field  (Gonzalez-Pacheco,  1989)  reinforces 
the  deltaic  paleoenvironmental  interpretations  for  the  part  of  the  Mexcala  For- 
mation under  consideration  here. 

Alencaster  (1980)  listed  15  gastropod  species  recovered  from  the  unit  that 
contains  fossil  crabs.  These  molluscs  are  suggestive  of  a Maastrichtian  age  and 
are  also  known  from  the  Maastrichtian  of  Tennessee,  Mississippi,  Alabama,  Geor- 
gia and  Texas,  the  Owl  Creek,  Ripley,  Kemp,  Corsicana,  and  Nacatoch  formations 
respectively.  Maastrichtian  formations  in  northeastern  Mexico  where  some  of 
these  species  have  been  found  include  the  Cardenas  Formation  in  San  Luis  Potosi, 
and  the  Potrerillos  Formation  in  Nuevo  Leon.  All  gastropod  species  reported  by 
Alencaster  (1980)  fall  into  the  Exogyra  costata  Say,  and  Sphenodiscus  pleurisepta 
(Conrad)  zones.  Gastropod  species  associated  with  the  Guerrero  retroplumid  spec- 
imens are:  Haustator  trilira  (Conrad),  Pugnellus  densatus  Conrad,  Bellifusus  curvi- 
costatus  (Wade),  Gyrodes  supraplicatus  (Conrad),  Deussenia  ripleyana  Harbison, 
Cerithium  weeksi  Wade,  and  Euspira  rectilabium  (Conrad).  Most  of  these  species 
were  reported  for  Maastrichtian  deposits  of  the  Atlantic  and  Gulf  Coastal  Plains 
(Wade,  1926;  Gardner,  1916;  Gabb,  1860;  Conrad,  1852,  1858,  1860,  1869; 
Imlay,  1937;  Wolleben,  1977;  Stephenson,  1941;  Myers,  1968;  Morton,  1829; 
and  Sohl,  1960).  The  Potrerillos  Formation  (McBride  et  al,  1974)  contains  Cos- 
tacopluma  mexicana  associated  with  Haustator  trilira,  Pugnellus  densatus,  Deus- 
senia ripleyana,  Gyrodes  rotundus  Stephenson,  and  Bellifusus  sp.  (Vega  and  Per- 
rilliat, 1990).  All  are  indicative  of  a Maastrichtian  age  (Jablonski,  1979).  Based 
upon  the  biostratigraphic  range  of  18  gastropod  and  bivalve  species,  Vega  (1988) 
proposed  a late  Maastrichtian  age  for  the  lower  siltstone  member  of  the  Potrerillos 
Formation.  Consequently,  it  is  proposed  that  Costacopluma  mexicana  inhabited 
shallow  deltaic  facies  in  northeastern  Mexico  during  that  time.  Thus,  faunal  cor- 
relations with  other  Upper  Cretaceous  deposits  of  northeastern  Mexico  and  south- 
eastern United  States  suggest  a Maastrichtian  age  for  the  Mexcala  Formation 
strata  containing  Costacopluma  bishopi  n.  sp. 

Systematic  Paleontology 

Order  Decapoda  Latreille,  1803 
Section  Thoracotremata  Guinot,  1977 
Superfamily  Ocypodoidea  Rafinesque,  1815 
Family  Retroplumidae  Gill,  1894 
Genus  Costacopluma  Collins  and  Morris,  1975 
Costacopluma  bishopi,  new  species 
(Fig.  4) 

Type  and  referred  material. —Eight  carapaces  were  collected  from  the  Mexcala 
Formation  in  Guerrero  (loc.  IGM-2448),  southern  Mexico.  Seven  are  internal 
molds  of  juvenile  exuviae,  of  which  five  are  complete,  and  one  is  an  incomplete 
mold  of  the  exterior  of  a juvenile  carapace.  Seven  samples  are  included  in  the 
paleontological  collection  of  the  Museo  de  Paleontologia  of  the  Instituto  de  Geo- 
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Fig.  4.  — Costacopluma  bishopi  n.  sp.  from  the  Mexcala  Formation,  Maastrichtian,  of  Guerrero,  Mexico, 
Loc.  IGM-2448.  1,  Paratype,  IGM-5227;  2,  Paratype,  IGM-5225;  3,  Holotype,  IGM-5226;  4,  Paratype, 
IGM-5224;  Scale  bar  equals  1 mm. 


logia,  Universidad  Nacional  Autonoma  de  Mexico,  with  catalog  numbers  IGM- 
5224  to  IGM-5230.  One  paratype  specimen,  CM  34963,  is  deposited  in  the 
Carnegie  Museum  of  Natural  History,  Pittsburgh,  Pennsylvania.  The  holotype, 
IGM-5226  and  three  paratypes,  IGM-5224,  5225,  and  5227,  are  illustrated  (Fig.  4). 

Description.— CavcLpacQ  transversely  suboval,  with  three  transverse  arched  ridges.  Areas  between 
ridges  deeply  concave.  Length  of  maximum  width,  which  is  at  the  level  of  mesobranchial  lobes. 
Lateral  margins  inclined  almost  at  right  angles  to  dorsal  surface.  Anterolateral  margins  short,  with  a 
rounded  angle  situated  length  from  front.  Posterolateral  margins  rounded,  slightly  convergent  ending 
in  a rounded  angle  that  passes  to  posterior  margin  which  is  ‘/i  maximum  width.  Posterior  margin 
raised,  with  small  blunt  protuberances  at  posterolateral  angles.  Lateral  margins  delineated  by  elevated 
border  that  extends  anteriorly  from  metabranchial  lobes  and  becomes  sharper  at  level  of  mesobranchial 
lobes.  Edge  continuous  along  posterior  and  lateral  margins.  Frontoorbital  margin  straight,  about 
greatest  width.  Rostrum  short,  subquadrate,  bluntly  terminated,  sulcate  to  mesogastric  lobe.  Upper 
orbital  margin  divided  into  two  nearly  equal  parts  by  short,  sharp  spine,  situated  ‘/^  of  width  from 
external  orbital  margin,  defined  by  sharp  conspicuous  spine  that  projects  beyond  front. 

Absence  of  cuticle  prevents  observation  of  carapace  ornamentation  except  on  part  of  one  specimen, 
a mold  of  the  exterior. 

Cervical  groove  transversely  sinuous,  extending  from  marginal  notch  behind  tip  of  protogastric  lobe 
and  deepening  toward  narrower  portion  of  mesogastric  lobe,  continuous  and  becoming  shallower  in 
nearly  straight  line  toward  the  base  of  mesobranchial  lobe.  Anterior  transverse  ridge  formed  by 
protogastric  and  mesogastric  lobes.  Tips  of  protogastric  lobes  very  near,  but  not  reaching,  anterolateral 
margins,  lobes  slightly  sinuous  and  widening  toward  narrow  portion  of  mesogastric  lobe,  which  is 
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Table  \.~  Measurements  taken  on  juvenile  specimens  of  Costacopluma  bishopi  n.  sp. 


Catalogue  number 

Length  (mm) 

Width  (mm) 

L/W  ratio 

IGM-5224 

3.9 

5.5 

0.70 

IGM-5225 

3.3 

4.9 

0.67 

IGM-5226 

3.2 

4.7 

0.68 

IGM-5227 

2.9 

4.2 

0.69 

CM  34963 

3.4 

5.2 

0.65 

X 

3.34 

4.9 

0.678 

semioval,  situated  axially  at  midlength.  Medial  transverse  ridge  formed  by  fusion  of  epibranchial  and 
mesobranchial  lobes,  extends  from  lateral  margin  posteromedially  to  base  of  mesogastric  lobe.  Touch- 
ing lateral  margin,  lateral  tip  of  ridge  intercepts  lateral  margin  of  carapace,  forms  a ridge  that  extends 
anteriorly  to  base  of  external  orbital  spine.  Crests  of  epibranchial  and  mesooranchial  lobes  prominently 
rounded,  slightly  wider  toward  base  of  mesogastric  lobe.  Posterior  transverse  ridge  corresponds  to 
metabranchial  lobes  and  cardiac  region.  Metabranchial  lobes  blunt  ridges  slightly  inclined  toward 
posterolateral  margins  widest  at  margin  of  carapace,  lobes  shorter  and  more  rounded  than  mesobran- 
chial lobes.  Cardiac  region  half  of  greatest  width. 

Abdominal  and  frontal  regions  not  preserved. 

Measurements,  in  mm,  are  given  in  Table  1. 

Etymology.— The  species  name  honors  Dr.  Gale  Bishop,  Georgia  Southern 
College,  a well-known  student  of  Cretaceous  crabs. 

Discussion. —In  this  paper,  the  Retroplumidae  is  considered  to  contain  Retro- 
pluma,  Bathypluma,  Archaeopus,  Cristipluma,  and  Costacopluma.  Saint  Laurent 
(1989)  erected  the  superfamily  Retroplumoidea,  subdividing  it  into  two  families— 
the  Costacoplumidae  for  the  Eurafrican  fossil  representatives,  Costacopluma  spp., 
and  Retrocypoda  spp.;  and  the  Retroplumidae  for  the  Recent  species,  Retropluma 
spp.  and  Bathypluma  spp.  She  also  suggested  that  Archaeopus  and  Cristipluma 
be  assigned  to  families  outside  the  Retroplumoidea.  St.  Laurent  did  not  provide 
a definition  for  the  Costacoplumidae.  Examination  of  original  descriptions  of  the 
genera  known  only  from  the  fossil  record  as  well  as  specimens  representative  of 
most  of  the  described  species  leads  us  to  the  conclusion  that  there  is  no  basis  for 
making  this  distinction.  All  have  generally  flattened,  rectilinear  to  ovoid  carapaces, 
distinct  borders,  and  all  exhibit  variable  degrees  of  development  of  three  trans- 
verse carinae.  Therefore,  we  include  all  five  genera  within  the  Retroplumidae. 
The  distinction  between  the  genera  is  readily  expressed  in  the  following  key  to 
the  genera.  Genera  with  extant  representatives  are  indicated  in  boldface  type. 

Key  to  the  genera  of  Retroplumidae 

1 . Rectangular  to  hexagonal  carapace;  anterior  and  posterior  carinae  most 

strongly  developed  2 

V . Subrectangular  to  ovoid,  median  carina  and  anterior  or  posterior  carina 
most  strongly  developed  ...........................................  3 

2.  Carinae  with  narrow  crests;  lateral  and  anterolateral  protuberances  de- 
veloped as  nodes;  greatest  width  at  anterolateral  node;  posterior  margin 
wide  ....................................................  Retropluma 

2'.  Carinae  with  broadly  rounded  crests;  lateral  and  anterolateral  spines  pres- 
ent; greatest  width  at  median  spine;  posterior  margin  wide  . . . Bathypluma 

3.  Anterior  and  median  carinae  best  developed;  carinae  broadly  to  narrowly 
crested;  lateral  margins  without  spines,  posterior  margin  narrow  ...... 

Costacopluma 
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Fig.  5. —Species  of  Costacopluma  from  Upper  Cretaceous  of  Africa  and  America.  1,  Costacopiuma 
concava  Collins  and  Morris,  KSU  4882,  from  the  upper  Campanian  of  Nigeria;  2,  C.  mexicana  Vega 
and  Perrilliat,  KSU  4,  from  the  upper  Maastrichtian  of  Northeastern  Mexico.  Scale  bars  equal  1 cm. 


3'.  Median  and  posterior  carinae  best  developed;  carinae  broadly  to  narrowly 
crested;  lateral  margins  with  or  without  spines;  posterior  margin  variable 
.................................................................  4 

4.  Subrectangular;  carinae  with  rounded  crests;  lateral  margin  spinose;  pos- 
terior margin  narrow  ......................................  Archaeopus 

4'.  Ovoid  to  subhexagonal;  carinae  with  narrow  crests;  lateral  margins  with- 
out spines;  posterior  margin  wide  ..........................  Cristipluma 

Within  Costacopluma,  differences  between  species  are  based  upon  carapace 
outline,  degrees  of  development  of  transverse  carinae,  and  ornamentation  of  the 
dorsal  shield.  The  differences  between  Costacopluma  mexicana  and  the  Guerrero 
specimens  lie  chiefly  in  carapace  outline  and  shape  of  the  dorsal  regions.  As  in 
C concava,  the  widest  part  of  the  carapace  of  C mexicana  is  slightly  anterior  to 
the  level  of  the  metabranchial  lobes  (Fig.  5).  The  anterolateral  margins  of  C 
mexicana  are  comparatively  longer  and  more  inclined  than  those  of  Costacopluma 
bishopi.  The  frontoorbital  margin  of  C mexicana  is  about  *4  the  maximum  width 
whereas  it  is  about  % the  maximum  width  in  C bishopi.  The  posterior  margin  of 
C.  mexicana  is  %,  while  that  of  the  Mexcala  specimens  is  the  maximum  width. 
The  posterior  margin  in  both  forms  is  nearly  straight.  The  rostrum  of  C.  mexicana 
is  trapezoidal,  while  in  the  specimens  from  Guerrero  it  is  subquadrate.  The  su- 
praorbital spine  is  less  prominent  and  more  rounded  in  C mexicana.  This  spine 
lies  nearer  to  the  external  orbital  spine  in  C.  mexicana  and  the  external  orbital 
spine  is  not  as  prominent  in  C mexicana  as  it  is  in  C bishopi  from  Guerrero. 
The  anterior  ridge  of  C mexicana  is  more  arched.  The  crests  of  protogastric, 
mesogastric,  mesobranchial,  and  metabranchial  lobes  of  C.  mexicana  are  nearly 
flat.  This  feature  is  observed  even  in  juvenile  specimens  (Fig.  6).  The  metabran- 
chial lobes  of  C.  mexicana  are  nearly  parallel  to  the  posterior  margin  and  are 
wider  than  those  observed  in  the  Guerrero  specimens.  The  mesogastric  lobe  and 
cardiac  region  are  very  similar  in  outline  in  the  two  forms. 

With  respect  to  C concava,  Collins  and  Morris  (1975:826)  stated,  ‘There  is  a 
tendency  for  the  ridges  to  become  sharper  as  growth  advances  . . . The  sizes  of 
their  specimens  ranged  from  6.9  mm  to  26.0  mm  across  the  carapace.  The  figured 
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Fig.  6. —Juvenile  specimen  of  Costacopluma  mexicana  Vega  and  Penilliat,  from  the  Maastrichtian 
Potreriilos  Formation  (Difunta  Group),  in  northeastern  Mexico.  Note  flat  crests  of  protogastric,  epi- 
gastric, mesogastric,  mesobranchial,  metabranchial,  and  cardiac  regions,  very  similar  to  adults.  Pho- 
tographed unwhitened.  Scale  bar  equals  1 cm. 


Specimen  of  C senegalensis  by  Remy  (1 9^9)  has  a maximum  width  of  36.7  mm. 
Maximum  width  in  C mexicana  ranges  from  11.2  mm  to  26.7  mm,  and  in 
Costacopluma  bishopi  from  Guerrero  from  4.2  mm  to  5.5  mm.  These  specimens 
are  interpreted  as  juveniles;  they  are  the  smallest  examples  of  this  genus  ever 
reported  (Fig.  7).  The  lack  of  preserved  cuticle  in  our  samples  makes  it  difficult 
to  make  detailed  comparisons  with  other  species.  However,  the  smallest  specimen 
of  C.  mexicana  (Fig.  6)  has  well-defined  morphological  characteristics  of  the 
carapace  of  adults.  This  suggests  that  the  flat  crests  of  lobes  in  this  species  de- 
veloped at  a very  early  ontogenetic  stage.  Preservation  of  our  material  as  molds 
of  the  interior  makes  it  even  more  difficult  to  make  species-level  comparisons. 
However,  the  shape  of  crests  of  Costacopluma  bishopi  and  comparison  of  juvenile 
and  adult  specimens  of  C.  concava  and  C mexicana  allows  us  to  propose  that 
the  Mexcala  Costacopluma  represents  a new  species  closely  related  to  C mexicana. 
In  C concava,  carinae  become  sharper  as  growth  advances;  thus,  it  is  probable 
that  the  lobes  of  the  Guerrero  Retroplumidae  were  not  as  flattened  in  adults  as 
in  C mexicana. 

Phylogeny  and  Paleobiogeography 

Morphological  analysis  of  the  four  species  of  Costacopluma  suggests  that  they 
could  be  subdivided  in  two  phyletic  groups.  The  African  group  contains  C.  concava 
and  C.  senegalensis  and  is  characterized  by:  1)  narrow  transverse  ridges  with  steep 
slopes;  2)  broad,  concave  areas  between  ridges;  3)  narrow,  nearly  straight  proto- 
gastric lobes  which  are  almost  parallel  with  respect  to  the  frontoorbital  margin; 
4)  rhombic  mesogastric  lobe,  longer  than  wide;  5)  long,  narrow  mesobranchial 
ridges;  and  6)  short,  narrow  metabranchial  areas,  inclined  toward  posterolateral 
margins.  Although  carapace  size  could  be  facies  controlled,  both  African  species 
are  larger  than  the  American  forms.  I he  American  group  includes  Costacopluma 
mexicana  and  Costacopluma  bishopi,  and  is  distinguished  by:  1)  broad  transverse 
ridges,  with  rounded  to  flattened  crests  and  gentle  slopes;  2)  concave,  narrower 
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Fig.  7.— Plots  of  length/width  regression  lines  for  Costacopluma  mexicana  Vega  and  Perrilliat  (16 
specimens);  C concava  Collins  and  Morris  (four  specimens);  and  Costacopluma  bishopi  n.  sp.  from 
the  Mexeala  Formation  (five  specimens). 


areas  between  ridges;  3)  protogastric  lobes  which  are  narrow  at  the  tip  near  the 
anterolateral  margins  but  wider  and  sinuous  toward  the  center  of  the  carapace; 
4)  oval  mesogastric  lobe,  wider  than  long;  5)  mesobranchial  ridges  are  narrow  at 
both  ends  and  wider  centrally;  and  6)  broad  metabranchial  lobes  that  are  nearly 
straight,  wider  at  the  contact  with  posterolateral  margins  and  narrowing  near  the 
cardiac  lobe;  posterior  ridge  almost  parallel  to  posterior  margin.  The  morphology 
of  the  carinae  is  among  the  most  significant  characters  in  definition  of  species 
throughout  the  Retroplumidae.  Therefore,  the  American  species  would  be  the 
more  primitive  in  that  the  topography  of  the  dorsal  carapace  tends  to  be  more 
rounded  and  the  demarcation  between  carinae  and  intervening  areas  more  subtle 
than  in  the  African  species.  Extant  retroplumids,  Retropluma  spp.  and  Bathypluma 
spp.,  exhibit  straight  carinae  with  narrow  crests.  These  morphological  characters 
were  first  observed  in  the  African  forms  of  Costacopluma  in  the  Late  Cretaceous 
and  are  accentuated  in  the  Tertiary  species  of  Retropluma. 
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The  African  group  ranges  from  Coniacian  to  Paleocene  of  eastern  Africa,  and 
occurs  in  the  Maastrichtian  of  north  India.  Collins  and  Morris  (1975:827)  stated 
that  C.  senegalensis  from  the  Paleocene  of  Senegal  could  be  a direct  descendant 
of  C.  concava  from  the  Coniacian“?Maastrichtian  of  Nigeria.  The  American  group 
is  represented  only  in  the  Maastrichtian  of  Mexico.  This  could  be  a consequence 
of  lack  of  Tertiary  marine  deposits  in  some  sequences  in  southern  Mexico.  Where 
Tertiary  sediments  are  present,  as  they  are  in  northeastern  Mexico,  they  represent 
continental  environments  in  which  it  is  improbable  to  find  fossil  crabs.  Older 
units  remain  to  be  prospected. 

Rathbun  (1908)  erected  Archaeopus  based  upon  the  Coniacian-Maastrichtian 
species  A.  antennatus  and  A.  vancouverensis  from  California  and  Canada,  and 
noted  that  the  development  of  transverse  carinae,  and  general  outline  was  a basis 
for  recognizing  close  affinities  with  Retropluma.  Beurlen  (1930)  included  the  Ret- 
roplumidae  and  Ocypodoidae  in  the  section  Ocypodoida.  Glaessner  (1960)  dis- 
cussed the  validity  of  this  relation  in  light  of  the  sparse  fossil  record.  At  that  time, 
the  oldest  known  representatives  of  the  Retroplumidae  were  middle  Eocene 
(Glaessner,  1969).  Collins  and  Morris  (1975)  erected  Costacopluma  and  discussed 
arguments  of  Via  (1957)  to  support  the  African  origin  of  this  family.  Via  suggested 
that  one  retroplumid  lineage  remained  in  America,  represented  by  Archaeopus 
on  the  Pacific  Slope  and  Ophthalmoplax  in  the  Gulf  of  Mexico  and  northern  South 
America,  while  another  lineage  migrated  eastward,  eventually  becoming  the  root- 
stock  of  modern  representatives  of  the  family.  Collins  and  Morris  (1975)  opposed 
this  idea,  arguing  that  the  oldest  representatives  of  the  Retroplumidae  were  found 
in  the  Coniacian  of  Africa,  and  that  Ophthalmoplax  comancheensis  Rathbun  from 
the  Albian  of  Texas  was  poorly  represented  by  fingers  and  chelae  and,  at  least  by 
inference,  should  not  be  included  within  the  family.  They  noted  that  the  presence 
of  ocypodid  Goniocypoda  tessieri  Remy,  reinforced  an  African  center  of  evolution 
for  ocypodids,  and  that  an  eastward  migration  during  the  Tertiary  through  south- 
ern Europe  gave  rise  to  the  modem  representatives.  Guinot  (1978)  considered 
the  fossil  record  of  Retroplumidae  too  poor  to  recognize  phylogenetic  relations 
of  this  family,  and  suggested  that  the  study  of  larval  morphology  might  be  the 
tool  necessary  to  elucidate  affinities.  Via  (1982)  revised  fossil  and  Recent  occur- 
rences of  the  Ocypodoidea  and  reiterated  his  previous  view  (Via,  1957,  1959, 
1969)  regarding  an  Early  Cretaceous  American  origin  and  subsequent  eastward 
migration  during  Late  Cretaceous  and  Tertiary  time.  He  recognized  two  phylo- 
genetic trends  (Via,  1982:118):  1)  populations  that  gradually  adapted  to  deep 
water  and  subsequently  gave  rise  to  modem  forms  of  Retropluma,  inhabiting 
Indo-Pacific  seas,  with  a Cretaceous  OphthalmoplaxAike  ancestor;  and  2)  a second 
group  of  species  still  inhabiting  coastal  environments  similar  to  Recent  forms  of 
Macrophthalmus  Desmarest,  that  could  be  direct  descendants  of  Eocene  Retro- 
cypoda,  the  possible  precursors  of  the  Macrophthalminae.  Via  also  suggested  that 
this  subfamily  provides  the  best  evidence  to  understand  the  phylogenetic  relations 
between  the  Ocypodidae  and  Retroplumidae.  Bishop  (1983:427-428)  stated  that, 
“If  Ophthalmoplax  is  removed  from  the  Retroplumidae,  the  evolutionary  devel- 
opment of  the  family  becomes  obscure,  since  Archaeopus  (from  the  Campanian- 
Maastrichtian  of  the  Pacific  Slope),  Cristipluma  (from  the  Late  Cretaceous  of  the 
Mississippi  Embayment),  Costacopluma  (from  the  Coniacian-Paleogene  of  West 
Africa),  and  Retropluma  (from  the  Eocene-Holocene  in  Spain,  Italy,  and  Indo- 
Pacific)  do  not  clearly  fall  into  a pattern  of  development  that  makes  a significant 
amount  of  sense.”  He  also  postulated  that  Archaeopus  could  have  the  ancestral 
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morphology  of  retroplumids  as  the  ornamentation  of  its  carapace  seems  to  be  less 
specialized,  and  that  Costacopluma  and  Retropluma  “seem  to  be  closely  related 
lineages  which  developed  in  two  geographic  centers”  (1983:428),  Saint  Laurent 
(1989)  suggested  that  Archaeopus  antennatus  was  not  a retroplumid  and  that 
reexamination  of  the  specimens  of  this  species  would  reveal  its  systematic  position. 

Ophthalmopiax  is  considered  to  be  a portunid  crab  with  a flattened  propodus 
on  P5  as  well  as  shape  and  ornamentation  of  the  carapace  that  exclude  it  from 
the  Retroplumidae  and  suggest  inclusion  in  the  Carcineretidae.  This  means  that 
the  oldest  known  retroplumids  are  species  of  Archaeopus  and  Costacopluma.  Via 
(1980:64)  considered  Archaeopus  rathbunae  Beurlen  from  the  Early  Cretaceous 
of  Brazil  to  be  the  oldest  representative  of  his  shallow-environment-trend  group. 
It  was  based  on  one  carapace  that  resembles  those  of  the  Carcineretidae  rather 
than  the  Retroplumidae.  He  also  compared  this  crab  with  Goniocypoda  sulcata 
Carter,  from  the  Early  Cretaceous  of  England,  which  he  included  in  Archaeopus, 
and  which  was  based  on  an  incomplete  specimen  (Carter,  1898)  that  seems  to 
have  affinities  with  the  Xanthidae.  Glaessner  and  Rao  (1960)  restudied  the  type 
of  A.  sulcatus  and  concluded  that  it  was,  in  fact,  a Macrophthalmus  subfossil. 
Beurlen’ s suggestion  about  synchronous  distribution  of  Archaeopus  in  America 
and  Europe  during  the  Albian  is  improbable,  as  the  adaptive  radiation  of  the 
Brachyura  had  just  begun  at  that  time.  Thus,  if  Ophthalmopiax  is  a carcineretid 
crab,  and  if  the  “Early  Cretaceous”  Archaeopus  sulcatus  has  been  misidentified, 
Via’s  scheme  of  phylogeny  (Via,  1980:fig,  2)  is  open  to  serious  question.  He  stated 
that  (p.  11)  “Le  famille  Retroplumidae  aurait  eu  une  origine  americaine  et  ses 
representants  ont  foumi  des  restes  fossiles  {Ophthalmopiax  et  Archaeopus  en 
Amerique,  Costacopluma  en  Afrique)  a partir  du  Cretace  inferieur  (Albien).”  Via 
considered  the  presence  of  Retrocypoda  in  the  Paleocene  of  Brazil  to  be  a blind 
branch  of  evolution  of  the  Retroplumidae  in  America.  He  based  this  conclusion 
on  a report  of  this  genus  by  Beurlen  (1965)  who  cited  the  presence  of  Retrocypoda 
from  the  Maria  Farinha  Formation  of  Brazil,  but  neither  figured  specimens  nor 
gave  a description  (p.  272),  However,  the  morphology  of  the  dorsal  region  of  the 
carapace  in  Retrocypoda  does  not  fit  retroplumid  features.  For  this  reason,  this 
genus  is  treated  as  a neighbor  taxon  of  the  retroplumids,  which  probably  was 
differentiated  from  the  retroplumid  lineage  in  the  Paleogene,  as  was  proposed  by 
Via  (1980). 

Fig.  8 is  an  alternative  scheme  for  the  phylogeny  and  evolution  of  the  Retroplu- 
midae based  upon  exclusion  of  some  taxa  and  inclusion  of  Costacopluma  in 
America.  The  Retroplumidae  is  restricted  to  Archaeopus,  Bathypluma,  Costa- 
copluma, Cristipluma,  and  Retropluma.  Figured  specimens  of  A.  vancouverensis 
by  Bishop  (1986:fig.  10c,  d),  clearly  demonstrate  affinities  with  Costacopluma, 
making  it  probable  that  the  Retroplumidae  originated  in  North  America.  Bishop 
(1983:429)  wrote,  “The  presence  of  a retroplumid  in  the  Coon  Creek  Formation 
was  unexpected.  Not  only  does  this  record  significantly  extend  the  geographic  and 
stratigraphic  range,  but  it  is  also  paleoecologically  anomalous,  being  a deep-water 
crab  preserved  in  shallow  water  sediments.  This  Late  Cretaceous  record  places 
Cristipluma  in  close  stratigraphic  and  geographic  proximity  to  Archaeopus,  a taxon 


Fig,  8. “Proposed  phylogenetic  and  evolutionary  diagram  for  Retroplumidae,  omiting  some  genera 
previously  included  in  this  family  and  considering  new  fossil  representatives.  (After  Via,  1982.) 
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considered  to  be  near  the  base  of  the  ocypodoidid  adaptive  radiation  (Via,  1980; 
Glaessner,  1980).”  An  American  center  of  dispersion  for  the  Retroplumidae  was 
proposed  by  Via  and  Cals  (1979).  These  authors  proposed  three  migrational 
directions:  1)  to  the  northeast,  across  the  Tethys;  2)  toward  the  South  Atlantic 
Ocean;  and  3)  to  the  west,  toward  Panama  and  Colombia.  Saint  Laurent  (1989) 
rejected  evidence  of  an  American  origin  for  the  Retroplumidae,  arguing  that  the 
identification  of  the  American  representatives  of  this  family  was  doubtful,  and 
that  the  retroplumid  migration  across  the  proto-Atlantic  should  have  produced 
a diversification,  which  is  not  consistent  with  the  recent  homogeneity  of  the  group 
inhabiting  Indo-Pacific  seas.  The  broad  distribution  of  Costacopluma  during 
Maastrichtian  time  (North  America,  southwest  Africa,  and  northern  India)  is 
sufficient  evidence  to  propose  that  the  diversification  of  the  group  was  at  the 
species  level,  even  across  the  proto-Atlantic  (C  mexicana  and  C.  bishopi  in  North 
America,  and  C concava  in  Africa  and  India).  Late  Cretaceous  American  rep- 
resentatives of  the  Retroplumidae  were  discussed  by  Saint  Laurent  (1989),  who 
excluded  Archaeopus  antennatus,  A.  vancouverensis,  and  Cristipluma  mississip- 
piensis  from  the  retroplumid  lineage,  based  upon  morphologic  and  preservational 
arguments.  Presence  of  Costacopluma  mexicana  in  Nueva  Leon  and  Costacoplu- 
ma bishopi  in  Guerrero  confirms  an  American  center  of  evolution  for  the  Retro- 
plumidae, with  Archaeopus  at  the  base.  Representatives  of  Costacopluma  and 
Cristipluma  were  adapted  to  marginal  marine  environments  of  soft-sediment 
before  Maastrichtian  time.  As  mentioned  above,  the  presence  of  C concava  in 
the  Coniacian  of  Africa  does  not  imply  that  this  genus  originated  there  and  sub- 
sequently migrated  to  America.  It  now  seems  more  probable  that  the  genus  orig- 
inated in  America  during  the  Late  Cretaceous  and  subsequently  migrated  to  West 
Africa,  and  then  to  India. 

Hines  (1986)  cited  a 29-day  larval  period  for  representatives  of  the  Ocypodidae 
and  emphasized  the  anomalous  larval  morphology  and  behavior  of  this  family. 
Referring  to  brachyuran  species,  he  stated  that  (p.  450),  “among  marine  species 
there  was  no  significant  relationship  between  extent  of  the  range  and  duration  of 
the  zoeal  period  or  duration  of  the  total  larval  period  . . . .”  The  larval  period  of 
extant  species  of  retroplumids  is  unknown,  but  whatever  it  may  be,  it  seems  that 
the  duration  of  larval  activity  need  not  play  an  extremely  important  role  in 
retroplumid  species  distribution.  Garth  (1966)  noted  that  in  some  brachyuran 
pelagic  larvae,  the  duration  of  instars  can  be  prolonged,  with  obvious  possible 
effects  on  distribution.  The  crossing  of  modem  Ocypodidae  across  the  East  Pacific 
Barrier  could  occur  via  island  hopping  (Crane,  1975).  This  may  be  the  basis  for 
explaining  the  migration  of  Costacopluma  across  the  Late  Cretaceous  Atlantic 
Ocean  from  America  to  Africa.  Spreading  of  the  Atlantic  seafloor  at  that  time 
generated  deep  basins,  but  also  created  islands  along  the  crest  of  the  mid-Atlantic 
ridge  (Berggren  and  Hollister,  1974).  Several  surficial  paleocurrent  patterns  for 
the  Late  Cretaceous  Atlantic  have  been  proposed  (Luyendyk  et  al.,  1972;  Berggren 
and  Hollister,  1974;  Scheltema,  1986;  Barron  and  Peterson,  1989),  and  all  but 
the  latter  suggest  current  circulation  from  east  to  west.  The  model  of  Barron  and 
Peterson,  however,  does  include  an  eastward  circulation  through  Tethys.  Thus, 
island  hopping  coupled  with  larval  dispersal  in  eastward- flowing  currents  seems 
to  be  the  most  parsimonious  suggestion  to  explain  the  wide  distribution  of  this 
genus  in  the  western  and  eastern  Atlantic.  With  respect  to  the  synchronous  dis- 
tribution of  Costacopluma  concava  in  the  Late  Cretaceous  in  west  Africa  and 
northern  India,  Saint  Laurent  (1989:150)  wrote,  “Les  documents  fossiles  incon- 
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testables  temoignent  de  sa  presence  dans  la  portion  centrale  de  la  Mesogee  cretacee: 
bassin  du  Niger  a I’ouest,  nord  de  la  future  peninsule  indienne  a Test . . . On  pent 
supposer  que  leur  distribution  etendait  aussi  largement  a 1 est  vers  le  futur  ocean 
Indien,  alors  plus  ou  moins  en  communication  avec  la  Paratetys.”  Post-Mesozoic 
eastward  migration  of  the  Retroplumidae  in  the  Tertiary  and  Quaternary  in  Spain 
and  Italy  could  be  explained  by  lateral  displacement  of  populations  along  the 
continental  margins  and  gradual  adaptation  to  deep  waters.  Absence  of  Costa- 
copluma in  Upper  Cretaceous  shelf  deposits  of  southeastern  United  States  may 
be  due  to  paleoclimatic  differences.  The  northern  limit  of  the  tropical-subtropical 
zone  in  America  was  about  at  the  geographic  position  of  deltas  that  produced  the 
Difunta  Group  in  northeastern  Mexico  (Davids,  1966;  Berggren  and  Hollister, 
1974).  Timing  of  metamorphosis  of  some  pelagic  larvae  into  littoral  crustaceans 
is  partly  controlled  by  characteristics  of  the  water.  The  molts  to  postpelagic  stages 
apparently  are  triggered  by  chemical  factors  occurring  near  land  (Crane,  1975). 

Late  Cretaceous  decapod  assemblages  in  the  United  States  in  shallow  soft- 
sediment  environments  were  often  dominated  by  Dakoticancer  spp.  As  stated 
above,  geographic  restriction  of  Costacopluma  spp.  could  be  a consequence  of 
paleoclimate.  Where  Dakoticancer  australis  has  been  found  in  the  same  unit  as 
Costacopluma  mexicana  (Vega  and  Feldmann,  1991),  it  is  much  rarer  than  in 
Upper  Cretaceous  deposits  of  the  Western  Interior  and  the  Atlantic  and  Gulf 
Coastal  Plain.  Costacopluma  is  the  dominant  element  of  decapod  assemblages  in 
Upper  Cretaceous  deposits  from  Mexico  and  Nigeria.  By  Paleocene  time,  however, 
Costacopluma  disappeared  from  America  and  was  less  abundant  in  West  Africa. 
At  the  same  time,  C.  senegalensis  adapted  to  deeper  water  conditions.  Eocene- 
Pliocene  retroplumids  continued  to  radiate  into  deeper  water.  Modem  species  of 
Retropluma  and  Bat  hyp  luma  inhabit  depths  of  50  to  more  than  600  m in  the 
Indo-Pacific  Ocean  (Saint  Laurent,  1989). 
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BODY  PTERYLOSIS  OF  THE  OLD  WORLD  SUBOSCINE 
PASSERINES  (AVES:  ACANTHISITTIDAE,  PITTIDAE, 
PHILEPITTIDAE,  AND  EURYLAIMIDAE) 
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Research  Associate,  Section  of  Birds 

Abstract 

The  taxonomic  positions  of  the  four  Old  World  suboscine  passerine  families  are  problematic.  The 
body  feather  tracts  were  examined  in  all  extant  genera  of  Acanthisittidae  (New  Zealand  wrens,  four 
specimens)  and  Pittidae  (pittas,  six),  both  genera  of  Philepittidae  (asities  and  false  sunbirds,  three), 
and  six  genera  of  Eurylaimidae  (broadbills,  1 1 specimens).  No  family  shows  the  same  pattern  com- 
bination as  any  other,  but  all  have  a space  between  the  pterylae  Capitalis  and  Spinalis,  unique  to 
suboscines  (both  Old  and  New  World).  New  Zealand  wrens  share  an  unusual  ventral  pattern  only 
with  the  New  World  family  of  tapaculos,  Rhinocryptidae;  dorsally  they  are  typically  oscine  but  with 
heavy  feathering  like  the  Australian  lyrebirds  and  scrub-birds,  Menuroidea.  Pittas  also  appear  oscine 
dorsally  but  have  a ventral  character  that  occurs  elsewhere  only  in  the  Eurylaimidae  and  cotingas, 
manakins,  and  New  World  flycatchers.  Asities  have  a partial  apterium  in  the  pars  dorsalis  like  some 
eurylaimids  and  a few  oscines,  and  are  heavily  feathered  dorsally;  ventrally  they  are  like  oscines.  Three 
distinct  pterylographic  groups  occur  in  the  broadbills.  The  African  Smithornis  differs  markedly  from 
the  Asian  species  in  having  a much-reduced  pars  dorsalis  with  a short  apterium.  Smithornis  also  has 
an  apterium  extending  the  full  length  of  the  pars  pelvica,  a feature  unique  in  passerines  but  one  that 
occurs  in  some  woodpeckers  and  allies,  Piciformes.  Asian  broadbills  show  a partial  apterium  in  the 
pars  pelvica  and  a longer  and  more  feathered  pars  dorsalis.  Cymbirhynchus  and  Serilophus,  however, 
have  only  a partial  apterium  in  the  pars  dorsalis  whereas  the  other  Asian  genera  have  a full  apterium 
there.  Pterylography  adds  additional  morphological  information  to  the  body  of  knowledge  on  the  Old 
World  suboscines,  but  the  problem  of  their  relationships  remains  unsolved. 


Introduction 

The  taxonomic  position  of  some  families  of  Passeriformes  has  long  been  a 
vexing  problem.  This  is  particularly  true  of  a small  group  of  families,  the  so-called 
Old  World  suboscines  (Eurylaimidae,  Pittidae,  Acanthisittidae,  Philepittidae, 
Menuridae,  and  Atrichornithidae).  These  families  are  customarily  placed  vari- 
ously in  or  near  the  large  radiation  of  “New  World  suboscines”  (Dendrocolaptidae, 
Fumariidae,  Formicariidae,  Rhinocryptidae,  Cotingidae,  Pipridae,  Tyrannidae, 
Oxyruncidae,  and  Phytotomidae)  at  the  beginning  of  the  Order.  The  base  of 
morphological  and  other  data  on  which  to  build  a satisfactory  taxonomic  system 
for  these  birds  is  inadequate. 

In  the  early  1960s,  I and  several  others  (Heimerdinger,  1964;  Waiter,  1965; 
Ames,  1971;  etc.)  approached  the  problem  by  studying  specific  anatomical  systems 
across  all  or  part  of  the  Passeriformes.  We  hoped  that  by  adding  new  morphological 
data  to  the  foundation  established  by  the  19th  century  anatomists,  we  could 
produce  a firmer  base  for  passerine  taxonomy.  The  studies  of  W.  J.  Bock,  A. 
Feduccia,  S.  L.  Olson,  and  R.  J.  Raikow  and  his  students  added  to  the  effort,  and 
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the  field  took  on  a new  dimension  with  the  chemical  and  molecular  work  from 
the  laboratory  of  C.  G.  Sibley  and  colleagues.  Nevertheless,  in  spite  of  the  abun- 
dance of  new  but  sometimes  conflicting  information,  certain  problems,  including 
the  relationships  of  the  Old  World  suboscines,  remain.  One  reason  for  this  has 
been  a lack  of  adequate  specimens  of  species  that  are  rare  in  collections,  if  not  in 
the  wild. 

When  I first  undertook  a survey  of  the  body  pterylosis  (feather  tracts)  of  the 
Passeriformes,  no  more  than  a few  specimens  of  the  Eurylaimidae,  Pittidae,  Acan- 
thisittidae,  Philepittidae,  Menuridae,  and  Atrichomithidae  existed  in  anatomical 
(alcoholic)  collections.  I have  since  acquired  and  completed  study  of  the  two 
Australian  families,  Menuridae  and  Atrichomithidae  (Clench,  1985)  and  have 
recently  obtained  enough  specimens  of  the  other  four  families  to  report  on  them 
as  well. 


Methods  and  Terminology 

For  this  study  I have  followed  a flat-skin  technique  (Clench,  1970,  1985), 
omitting  the  X-ray  step  and  studying  the  internal  aspect  of  the  skins  directly  with 
a binocular  dissecting  microscope  (10-40  x).  Most  of  the  flat  skins  were  prepared 
from  specimens  in  alcohol.  Many  of  these  spirit  specimens  had  been  in  preser- 
vative for  many  decades,  were  in  poor  condition  when  they  were  preserved,  and 
being  the  only  examples  of  the  genera  or  families  in  collections,  were  much 
dissected  by  earlier  workers.  Some,  however,  had  not  been  rotting,  molting,  or 
badly  shot  up  before  preservation.  These,  regardless  of  museum  age,  allowed 
detailed  study,  as  did  a few  skins  of  Pitta  and  Calyptomena  that  I prepared  from 
freshly  dead  zoo  specimens. 

Twenty-four  specimens  were  studied:  four  examples  of  Acanthisittidae  (three 
species,  two  genera);  six  of  Pittidae  (five  species  of  the  sole  genus);  three  specimens 
representing  both  genera  of  Philepittidae;  and  1 1 of  Eurylaimidae  (7  species,  six 
genera;  suitable  specimens  of  Pseudocalyptomena  and  Corydon  were  not  avail- 
able). 

The  pterylographic  terminology  used  here  continues  that  established  earlier 
(Clench,  1985),  modified  from  Baumel  et  al.  (1979).  In  brief,  I now  use  the 
following  substitute  terms:  Pteryla  Spinalis  for  Dorsal  Tract  used  in  Clench  (1970) 
and  Pteryla  Ventralis  for  Ventral  Tract.  The  Pteryla  Spinalis  consists  of  (1)  the 
pars  interscapularis  (rather  than  the  anterior  element),  (2)  the  pars  dorsalis  (saddle), 
and  (3)  the  pars  pelvica  (posterior  element).  The  Pteryla  Ventralis  contains  (1) 
the  pars  pectoralis  (rather  than  the  flank  element),  and  (2)  the  pars  abdominalis 
(main  element). 


Results 

Acanthisittidae.— I studied  the  following  New  Zealand  wren  specimens:  Acan- 
thisitta  chloris  (BM  1904.8.2),  Xenicus  longipes  (BM  1940. 12.8.89,  USNM  559447), 
and  X.  gilviventris  (BM  1940.12.8.144).  The  pterylosis  of  the  family  was  known 
previously  only  from  a study  of  A.  chloris  by  Pycraft  (1905).  His  figures  show  a 
broad,  oval,  solidly  feathered  pars  dorsalis  and  a short,  weak  pars  pelvica  of  the 
Pteryla  Spinalis;  the  Pteryla  Ventralis  is  strong  and  has  no  separation  between 
the  pars  pectoralis  and  pars  abdominalis.  To  judge  from  the  date  it  was  cataloged 
into  the  BM  collection,  the  specimen  of  A.  chloris  that  I examined  was  probably 
from  the  same  series  that  Pycraft  used. 
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Fig.  1.  — Diagrammatic  representation  of  the  Pteryla  Spinalis  of  Xenicus  longipes,  USNM  559447.  The 
individual  feathers  of  the  pars  dorsalis  are  shown  as  circles  and  of  the  pars  pelvica  as  triangles.  The 
maximum  width  of  the  pars  dorsalis  in  the  stretched  flat  skin  was  1 1 mm. 


Only  one  specimen  in  my  Acanthisittidae  series  is  in  good  condition:  an  adult 
X.  longipes  collected  in  1964.  It  shows  an  interesting  body  pterylosis:  The  pars 
dorsalis  has  the  typical  passerine  pattern  of  solid  feathering  arranged  in  chevron- 
shaped rows  into  a generally  rhombic  configuration,  but  it  is  exceptionally  heavily 
feathered,  containing  1 1 rows  with  a total  of  199  feathers  (Fig.  1,  Table  1).  This 
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Table  — Comparison  of  Old  World  suboscine  pterylographic  characteristics.  * Number  of  specimens 
examined  shown  in  parentheses,  t Detailed  feather  counts  not  possible  in  specimen. 


Pteryla  Spinalis 

Pars  dorsalis 

Pteryla  Ventralis 

No. 

Total 

Pars  pelvica 

Max.  no. 

Pars  abdom./ 
pect.  separa- 
tion, pars 
pect.  margin 

Taxon 

apterial 

rows 

no. 

rows 

No. 

feathers 

Rows  with 
apterium 

feathers 

wide 

Acanthisittidae 

Acanthisitta  (1)* 

0 

(?)t 

(?) 

(?) 

7 

none 

Xenicus  (3) 

0 

11-12 

199 

0 

8 

none 

Pittidae 

Pitta  (6) 

0 

8-9 

137-139 

0 

9-11 

truncated 

Philepittidae 

Philepitta  (2) 

3 

13 

191 

0 

8 

oblique 

Neodrepanis  (1) 

(some)t 

(?) 

(?) 

(?) 

7 

oblique 

Eurylaimidae 

Smithornis  (1) 

1 

5 

66 

all 

8 

truncated 

Cymbirhynchus  (1) 

9 

11 

104 

posterior  2 

(?) 

truncated 

Seri  lop  hus  (1) 

8 

10 

120 

posterior  1 

8 

truncated 

Eurylaimus  (3) 

all 

10-12 

94-108 

posterior  1 

7-8 

truncated 

Psarisomus  (1) 

all 

10 

104 

posterior  1 

8 

truncated 

Calyptomena  (4) 

all 

11-13 

138-158 

posterior  1-2 

8-9 

truncated 

degree  of  feathering  is  highly  unusual  and  at  least  twice  what  might  be  expected 
in  a passerine  of  this  small  body  size.  The  pars  pelvica  is  also  unusual  in  that  it 
is  very  lightly  feathered,  with  eight  rows  containing  a total  of  only  28  feathers. 

Ventrally,  X.  longipes  is  equally  interesting.  Almost  all  passerine  species  I have 
studied  (Heimerdinger,  1964;  Clench,  1970,  1985,  unpubl.  data)  show  a distinct 
separation  of  the  posterior  end  of  the  pars  pectoralis  from  the  pars  abdominalis 
in  the  flank  area;  from  there,  the  pars  abdominalis  continues  down  as  a narrow 
band  of  single-armed  rows  to  cover  the  lower  abdomen.  In  Xenicus  there  is  no 
separation  at  all  (Fig.  2).  I have  found  an  unseparated  pars  pectoralis  in  only  one 
other  passeriform  group,  the  New  World  suboscine  family  Rhinocryptidae. 

In  comparing  the  good  specimen  of  X.  longipes  with  the  older,  poorer  specimens 
of  X.  longipes,  X.  gilviventris,  and  A.  chloris,  I find  all  the  New  Zealand  wrens  to 
be  essentially  the  same,  even  though  detailed  counts  of  the  feathers  and  rows  are 
not  possible.  They  all  have  a heavily  feathered  pars  dorsalis  in  a rhombic  shape, 
a very  weak  pars  pelvica,  and  a pars  pectoralis  that  is  unseparated  from  the  pars 
abdominalis. 

Pittidae.  — My  series  of  Pitta  specimens  contains:  P.  erythrogaster  (AMNH  un- 
cat., coll.  July  1932,  New  Britain,  Coultas  Coll.),  P.  guajana  (CM  1728,  1729), 
P.  gurneyi  (CM  Z-3451,  later  prepared  as  a skeleton),  P.  moluccensis  (USNM 
uncat.,  cage  bird,  May  1965,  Bangkok,  Thailand),  and  P.  superba  (AMNH  uncat., 
coll.  March  1934,  Manus,  Admiralty  Is.,  Coultas  Coll).  The  only  previously  known 
aspect  of  the  pterylosis  of  Pitta  is  the  inclusion  by  Nitzsch  (1867)  of  that  genus 
in  his  large  group  of  species  with  typically  passerine  pterylosis— a solidly  feathered, 
rhombic,  pars  dorsalis. 

I find,  as  did  Nitzsch,  that  the  pterylosis  of  pittas  is  unremarkable  when  com- 
pared with  the  typical  oscine  pattern  (Fig.  3,  Table  1);  all  the  Pitta  specimens  are 
similar  in  all  visible  details.  The  pars  dorsalis  of  the  Pteryla  Spinalis  is  shaped 
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Fig.  2.— Diagrammatic  representation  of  the  three  types  of  Pteryla  Ventralis  found  in  Old  World 
suboscines.  A:  unseparated  pars  abdominalis  and  pectoralis  (Acanthisittidae);  B:  pars  pectoralis  with 
truncated  margin  (Pittidae,  Eurylaimidae);  C:  pars  pectoralis  with  oblique  margin  (Philepittidae). 

like  a rhombus,  has  eight  or  nine  rows,  and  is  moderately  feathered  with  137 
(erythrogaster)  or  139  (one  specimen  of  guajana)  feathers.  The  pars  pelvica  is 
long  and  narrow,  usually  with  about  nine  complete  rows.  The  Pteryla  Ventralis 
is  also  moderately  strong  in  feathering,  with  a well-separated  posterior  portion  of 
the  pars  pectoralis  that  ends  in  a truncated  margin  (Fig.  2).  This  type  of  margin, 
formed  by  the  two  arms  of  the  posteriormost  rows  being  of  equal  length,  is  also 
found  in  the  Eurylaimidae  and  many  of  the  New  World  suboscines  (Cotingidae, 
Pipridae,  Tyrannidae). 
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Fig.  3.  — Diagrammatic  representation  of  the  Pteryla  Spinalis  of  Pitta  erythrogaster,  uncat.  AMNH 
(Coultas  Coll).  The  maximum  width  of  the  stretched  pars  dorsalis  v/as  1 7 mm.  Conventions  as  in 
Fig.  1. 


Philepittidae.  “The  specimens  examined  were  two  Philepitta  castanea  (AMNH 
6547  and  uncat.,  both  Madagascar,  1929,  Archbold,  Greenway,  and  Rand  Coll.) 
and  Neodrepanis  coruscans  (USNM  512779).  The  family  was  previously  known 
pterylographically  only  from  Forbes  (1 880Z):388)  who  described  Philepitta  as  . . 
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Fig.  4.— Diagrammatic  representation  of  the  PteAa  Spinalis  of  Philepitta  castanea,  uncat.  AMNH 
(Archbold,  Greenway,  and  Rand  Exped.).  The  maximum  width  of  the  stretched  pars  dorsalis  was  1 8 
mm  and  the  maximum  width  of  the  stretched  apterium  was  3 mm.  Conventions  as  in  Fig.  1 . 


perfectly  passerine.  There  is  a longish  oval  ephippial  saddle,  with  a large  space, 
much  as  in  some  of  the  Eurylaimidae  . . . 

Philepitta  is  markedly  different  from  the  two  previous  families  (Table  1),  The 
pars  dorsalis  (Fig.  4)  contains  1 3 rows  of  feathers;  in  the  first  three,  the  rows  are 
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complete  and  contain  1 1 to  1 2 feathers  on  either  side  of  the  central  midline  feather. 
The  remaining  rows  are  incomplete  in  the  midline,  forming  a large  midline  ap- 
terium.  The  total  number  of  feathers  in  the  pars  dorsalis  is  191  in  one  specimen, 
the  other  unfortunately  has  a shot  hole  that  prevents  a full  count.  A partial 
apterium  with  the  posteriormost  rows  lacking  central  feathers  is  found  in  some 
eurylaimids  and  certain  oscines,  especially  the  corvid  group  (Clench,  1985).  But 
it  is  not  the  same  kind  of  apterium  common  in  many  of  the  New  World  suboscines 
(Cotingidae,  Pipridae,  Tyrannidae,  Phytotomidae),  in  which  all  the  rows  of  the 
pars  dorsalis  lack  at  least  the  central  feather.  The  pars  pelvica  of  asities  is  heavily 
feathered  and  the  rows  are  all  complete. 

In  the  Pteryla  Ventralis,  the  two  partes  are  well  separated  in  the  flank  region 
for  four  rows,  but  with  an  oblique  margin  to  the  posteriormost  area,  caused  by 
the  lateral  arms  of  the  final  rows  having  fewer  feathers  and  thus  being  shorter 
than  the  medial  arms  (Fig.  2).  This  oblique  configuration  to  the  margin  is,  in  my 
experience,  universal  in  the  oscines  and  also  occurs  in  some  New  World  suboscines 
(especially  Fumariidae  and  Formicariidae).  Otherwise,  the  Pteryla  Ventralis  of 
Philepitta  is  unremarkable,  being  of  moderate  strength  in  feathering  (a  maximum 
of  eight  feathers  wide  in  the  anterior  part  of  the  tract).  The  other  Old  World 
suboscines  have  from  seven  to  1 1 feathers  per  row  in  this  area. 

The  sole  available  specimen  of  Neodrepanis,  a tiny  species,  is  in  very  poor 
condition  for  pterylographic  study  having  been  in  heavy  molt  when  collected  and 
badly  damaged  by  previous  dissection.  The  only  details  possible  in  the  pars  dor- 
salis are  that  it  contains  at  least  nine  (possibly  more)  rows  and  there  is  a midline 
apterium  (of  unknown  length).  The  Pteryla  Ventralis  yields  more  information: 
the  maximum  width  is  seven  feathers,  there  is  a clear  separation  of  the  partes, 
and  the  pars  pectoralis  ends  in  an  oblique  margin. 

Eurylaimidae.—¥oY  this  family,  I studied  Smithornis  capensis  (YPM  1608), 
Cymbirhynchus  macrorhynchos  (USNM  290033),  Eurylaimus  ochromalus  (USNM 
223462  and  uncat.,  coll.  June  1965,  Khao  Luang,  Nakhon  Si  Thammarat,  Thai- 
land, J.  T.  Marshall),  E.  steerii  (USNM  432341),  Serilophus  lunatus  (USNM 
509477),  Psarisomus  dalhousiae  (USNM  290034),  and  Calyptomena  viridis  (all 
cage  birds,  BM  1930.1 1.25.1,  CM  A-2747  and  Z-8210  [later  prepared  as  a skel- 
eton], and  a flat  skin,  MHC  no.  B-448,  from  the  New  York  Zoological  Society, 
1968).  Compared  with  the  other  Old  World  suboscines,  the  broadbills  have  had 
considerable  previous  study.  Nitzsch  (1867)  figured  ''Eurylaemus  nasutus'' 
{= Cymbirhynchus  macrorhynchos)  and  described  E.  horsfieldii  {=Eurylaimus  ja- 
vanicus),  E.  cucullatus  {=E.  ochromalus)  and  Calyptomena  viridis  with  a Pteryla 
Spinalis  continuous  with  the  Pteryla  Capitalis,  and  a rhombic,  bilobed  pars  dor- 
salis connected  to  a slightly  expanded  pars  pelvica  by  a single  row  of  feathers 
from  each  lobe,  Nitzsch  also  found  “F".  corydon''  {=Corydon  sumatranus)  to  be 
similar  except  for  a more  elongated  and  rounded  pars  dorsalis.  Forbes  (1880a) 
reexamined  Eurylaimus,  Cymbirhynchus,  and  Calyptomena  and  stated  that 
Nitzsch’s  descriptions  were  partially  inaccurate:  the  pars  dorsalis  was  not  acutely 
angled,  but  rather  was  an  elongated  oval  containing  a lanceolate  apterium.  Lowe 
(1924:28 1)  examined  and  figured  adult  and  embryo  specimens  of  Smithornis  and 
found  the  anterior  end  of  the  Pteryla  Spinalis  “.  . . remarkable  from  the  fact  that 
it  does  not  exist,  there  being  no  trace  of  even  degenerate  feathers  to  be  observed.” 
In  the  adult  {S.  rufolateralis),  the  pars  dorsalis  was  lanceolate  and  entire,  merging 
into  a short  pars  pelvica  that  was  expanded  at  the  base.  The  embryo  {S.  sharpei) 
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differed  by  showing  a definite  apterium  in  the  pars  dorsalis.  The  Pteryla  Ventralis 
was  similar  to  that  of  other  passerines,  with  the  addition  of  a tract  extending  from 
the  flanks  along  the  edge  of  the  axillary  fold.  Lowe  (1931)  also  figured  Pseudo- 
calyptomena,  which  showed  discontinuous  pterylae  Capitalis  and  Spinalis,  a wide 
rhombic  pars  dorsalis  enclosing  a large  apterium,  and  a broad  expanded  pars 
pelvica.  The  Pteryla  Ventralis  was  strong  and  exhibited  no  obvious  separation  of 
the  pars  pectoralis  from  the  pars  abdominalis. 

In  the  series  of  broadbills  that  I examined,  strong  pterylographic  differences 
exist  among  the  various  genera  (Table  1).  Smithornis  shows  a clear  separation 
between  the  Pteryla  Capitalis  at  the  dorsal  base  of  the  skull  and  the  anterior  end 
of  the  Pteryla  Spinalis  on  the  upper  neck.  This  division,  which  appears  either  as 
an  unfeathered  gap  or  as  larger,  more  closely  arranged  feathers  in  the  anterior 
pars  interscapularis,  is  in  clear  contrast  to  the  small,  scattered  feathers  of  the 
posterior  Pteryla  Capitalis;  it  occurs  in  all  the  suboscines  (Old  or  New  World)  I 
have  studied,  and  in  none  of  the  oscines.  Perhaps  nowhere,  however,  is  the 
differentiation  between  the  two  pterylae  as  clear  as  it  is  in  Smithornis. 

The  pars  dorsalis  of  Smithornis  is  notably  small  and  lightly  feathered,  with  only 
five  rows  and  66  feathers,  the  posteriormost  row  lacking  a central  feather  and 
forming  a small  apterium  (Fig.  5).  The  pars  pelvica  is,  in  my  experience,  unique 
in  passerines:  all  the  nine  rows  are  incomplete,  thus  extending  the  narrow  apterium 
that  begins  in  the  lower  pars  dorsalis  all  the  way  to  the  uropygial  gland.  To  judge 
from  the  literature,  a few  non-passerines  (e.g.,  some  Piciformes;  Nitzsch,  1867) 
also  show  a full  apterium  in  the  pars  pelvica. 

The  Pteryla  Ventralis  of  Smithornis  and  the  other  eurylaimids  I examined  is 
moderately  well  developed  in  all  genera,  from  seven  to  nine  feathers  wide  in  the 
anterior  part,  and  with  a clear  separation  of  three  or  four  rows  that  ends  in  a 
truncated  margin  of  the  pars  pectoralis  (Fig.  2). 

The  eurylaimid  genera  that  occur  in  Asia  differ  from  African  Smithornis  in  that 
the  pars  dorsalis  is  more  than  twice  as  long.  Cymbirhynchus  has  1 1 rows  with  a 
total  of  104  feathers,  but  only  the  first  two  rows  of  the  pars  dorsalis  are  complete, 
producing  a long  midline  apterium  (Fig.  6).  In  the  pars  pelvica,  the  rows  are 
complete  at  the  anterior  end,  but  the  last  two  rows  lack  central  feathers,  forming 
a small  basal  apterium  for  the  tract.  Serilophus  is  similar,  with  the  first  two  rows 
of  the  pars  dorsalis  complete  and  the  remaining  eight  incomplete,  for  a total  of 
1 20  feathers.  The  last  row  of  the  pars  pelvica  does  not  have  a central  feather. 

Eurylaimus,  Psarisomus,  and  Calyptomena  show  a third  pterylographic  type  in 
the  family,  but  are  much  more  similar  to  Cymbirhynchus  and  Serilophus  than 
Smithornis.  They  also  have  a long  pars  dorsalis  (10=13  rows  with  a total  of  94- 
108  feathers  in  the  first  two  genera,  138-158  in  Calyptomena).  All  of  these  rows 
are  incomplete,  forming  a broad  apterium  that  extends  the  full  length  of  the  pars 
(Fig.  7).  This  type  of  pars  dorsalis  is  found  elsewhere  in  many  New  World  sub- 
oscines (Cotingidae,  Pipridae,  Tyrannidae,  and  Phytotomidae),  whereas  a partial 
apterium  as  in  Smithornis,  Cymbirhynchus,  and  Serilophus  also  occurs  in  Phile- 
pitta  and  some  oscines.  The  posterior  end  of  the  pars  pelvica  in  Eurylaimus, 
Psarisomus,  and  Calyptomena  is  similar  to  that  in  the  other  Asian  broadbills,  as 
the  last  one  or  two  rows  are  incomplete  and  form  a small  basal  apterium. 

To  judge  from  Lowe’s  figure  and  description  of  Pseudocalyptomena  (1931)  and 
his  experience  with  Smithornis  (Lowe,  1 924),  I think  the  pteryloses  of  both  African 
genera  are  probably  in  general  agreement.  Lowe  (1931)  noted,  however,  that  in 
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Fig.  5.  — Diagrammatic  representation  of  the  Pteryla  Spinalis  of  Smithornis  capensis,  YPM  1608.  The 
maximum  width  of  the  stretched  pars  dorsalis  was  1 0 mm  and  the  maximum  width  of  the  stretched 
apterium  was  1 mm.  Conventions  as  in  Fig.  1 . 


Pseudocalyptomena  the  ‘‘posterad  limbs”  (of  the  pars  dorsalis  or  of  its  apterium?, 
his  wording  is  unclear)  are  stronger  than  in  most  Eurylaimidae.  Smithornis  is 
notably  weak  in  this  area. 

Nitzsch’s  (1867)  description  of  Corydon  with  a large  apterium  in  the  pars  dor- 
salis indicates  that  this  genus  probably  fits  into  the  Cymbirhynchus-Serilophus- 
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Fig.  6.— Diagrammatic  representation  of  the  Pteryla  Spinalis  of  Cymbirhynchus  macrorhynchos,  USNM 
290033.  The  maximum  width  of  the  stretched  pars  dorsalis  was  13  mm  and  the  maximum  width  of 
the  stretched  apterium  was  5 mm.  Conventions  as  in  Fig.  1 . 

Euryiaimus-Psarisomus-Calyptomena  type  of  Pteryla  Spinalis.  But  because  Nitzsch 
also  noted  that  Corydon  differed  somewhat  from  the  Euryiaimus  and  Cymbi- 
rhynchus specimens  he  examined,  my  allocation  may  not  be  correct. 

The  differences  between  the  present  findings  and  those  of  earlier  workers  could 
be  the  result  of  the  flat-skin  technique  that  stretches  out  the  tracts,  allowing 
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Fig.  7. --"Diagrammatic  representation  of  the  Pteryla  Spinalis  of  Calyptomena  viridis,  CM  Z-8210.  The 
maximum  width  of  the  stretched  pars  dorsalis  was  32  mm  and  the  maximum  width  of  the  stretched 
apterium  was  6 mm.  Conventions  as  in  Fig.  1 ; squares  represent  the  last  row  of  the  pars  interscapularis. 


individual  feathers  to  be  counted,  and  which  prevents  narrow  apteria  from  being 
bunched  up  by  preserved  contracted  feather  muscles  and  thus  missed  by  a pter~ 
ylographer.  The  traditional  method  of  studying  whole  alcoholic  specimens  from 
which  most  of  the  feathers  had  been  clipped  permitted  many  errors  in  small 


1992 


Clench— -Old  World  Suboscine  Pterylosis 


165 


details.  Nitzsch’s  figure  of  Cymbirhynchus  (1867)  is  basically  correct,  except  for 
the  single  line  of  feathers  apparently  forming  a posteromedial  connection  of  the 
pars  dorsalis  with  the  pars  pelvica;  the  sparse  feathers  in  this  region  are  actually 
the  ends  of  several  incomplete  rows  that  extend  posterolaterally  from  the  midline 
area.  I cannot  account  for  Lowe’s  (1924)  not  finding  a midline  dorsal  apterium 
in  the  adult  Smithornis  rufolateralis  when  he  saw  one  in  the  embryo  S.  sharpei, 
except  to  suggest  that  apteria  may  be  more  obvious  in  embryos  or  nestlings  because 
juvenile  passerines  do  not  have  all  their  follicles  filled  with  feathers  (Clench,  1970). 
It  is  also  true  that  narrow  apteria,  such  as  that  in  the  pars  pelvica,  may  not  be 
visible  until  one  gently  pulls  the  skin  to  see  that  the  central  row  feathers  are  not 
present.  Interestingly,  Lowe  (1924,  1930)  noticed  the  clear  break  between  the 
pterylae  Capitalis  and  Spinalis,  whereas  Nitzsch  did  not.  Ventrally,  the  lack  of  a 
separation  between  the  pars  pectoralis  and  pars  abdominalis  has  been  overlooked 
by  many  earlier  pterylographers  in  many  species  (the  result  of  bunching  by  con- 
tracted feather  muscles).  The  “axillary  tract”  extending  from  the  flanks  to  the 
axilla  is  highly  individually  variable  in  passerines,  seemingly  strongly  dependent 
on  the  freshness  of  the  specimen,  and  has  no  apparent  importance  as  a taxonomic 
character  (Clench,  1970).  The  fine  points  of  tract  shape,  especially  the  degree  of 
angling  of  the  pars  dorsalis,  are  also  largely  a result  of  individual  variation  and 
specimen  preparation,  and  are  of  no  particular  importance. 


Discussion  and  Conclusions 

In  the  last  two  decades,  new  morphological  and  chemical  data  have  been  pub- 
lished that  provide  information  on  the  taxonomic  position  of  the  Old  World 
suboscines  (Sibley,  1970;  Ames,  1971;  Olson,  1971;  Feduccia,  1974,  1975;  Sibley 
et  al.,  1982;  Raikow,  1985,  1987;  Sibley  et  al.,  1988).  Agreement  on  the  rela- 
tionships within  the  group  seems  to  be  coming  closer  (Raikow,  1987;  Sibley  et 
al.,  1988),  but  an  unequivocal  position  is  yet  to  be  reached.  Pterylography  offers 
new  information  that  both  supports  and  contradicts  different  aspects  of  the  current 
consensus. 

More  than  20  years  ago,  Olson  (1971:513-514)  commented  on  one  Old  World 
suboscine  family  as  follows:  “.  . . the  eurylaimids  evidently  represent  a scattered 
remnant  of  rather  specialized  species  from  an  ancient  passerine  lineage  of  once 
wider  distribution  ...  a vast  extinction  probably  took  place  among  the  Eury- 
laimidae,  leaving  a hodgepodge  of  more  or  less  related  genera.”  I believe  that  this 
situation  may  be  true  not  only  of  the  broadbills,  but  of  all  four  of  the  Old  World 
suboscine  families.  We  seem  to  be  dealing  here  with  a group  of  evolutionary 
remnants,  two  with  just  a few  species— the  relatively  uniform  New  Zealand  wrens 
and  the  externally  dissimilar  Madagascar  false  sunbirds  and  asities— and  two  with 
a greater  number  of  relatively  uniform  species  (pittas)  or  diverse  genera  (broad- 
bills), scattered  across  the  Old  World  tropics.  It  may  be  that  we  have  been  left 
with  too  few  examples  of  these  birds  to  satisfactorily  piece  together  their  rela- 
tionships, although  studies  like  those  of  Millener  (1988)  and  Millener  and  Worthy 
(1991)  of  newly  discovered  fossil  and  subfossil  material  could  lead  to  a more 
optimistic  viewpoint.  The  contradictory  results  of  various  authors,  however,  make 
it  clear  that  we  have  not  yet  amassed  sufficient  data  (Cracraft,  1990),  however 
close  we  may  be  coming  to  the  goal.  For  the  time  when  it  is  possible  to  unam- 
biguously sort  out  at  least  most  of  this  puzzle,  I offer  comments  on  what  the 
pterylography  indicates,  to  add  to  the  existing  body  of  knowledge.  I shall  not 
attempt  to  construct  a new  phytogeny  or  classification  from  pterylography  and 
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evidence  already  reported  by  others  because  a valid  attempt  still  appears  to  me 
to  be  premature. 

I am  pessimistic  about  the  complete  validity  of  recently  proposed  higher  clas- 
sifications for  two  reasons:  First  is  the  understandable  human  bias  of  authors  who 
tend  to  believe  their  character  system  or  method  of  analysis  offers  a truer  indication 
of  relationships  than  that  of  others  (Cracraft^  1990).  Most  workers  study  a single 
set  of  characters,  and  then  consider  the  data  of  others.  However  determinedly  we 
may  try  to  exclude  bias,  placing  greater  weight  on  certain  characters  over  others 
is  an  inescapable  part  of  the  process.  The  final  result  is  usually  a classification 
heavily  based  on  a single  (or  very  few)  character  system(s).  Pterylography  is  only 
one  of  many  character  systems,  all  of  which  can  contribute  useful  information 
toward  a final  conclusion. 

My  second  reason  for  believing  that  a solution  to  the  Old  World  suboscine 
puzzle  is  not  yet  possible  is  because  the  new  pterylographic  evidence  variously 
contradicts  and  supports  aspects  of  the  recent  tendency  toward  partial  agreement 
on  their  relationships,  especially  as  found  by  Sibley  et  al.  (1988)  and  Raikow 
(1987). 

The  Eurylaimidae  pose  a particularly  difficult  problem.  For  many  years,  belief 
in  the  monophyly  and  primitive  nature  of  the  broadbills  was  essentially  unchal- 
lenged. In  1 97 1 , however,  Olson  convincingly  showed  that  the  family  was  “united” 
by  only  one  distinctive  character— a plantar  vinculum  in  the  deep  tendons  of  the 
foot.  Although  this  character  was  not  invariably  present  in  all  eurylaimid  speci- 
mens {Smithornis,  Calyptomena),  it  was  not  known  to  occur  in  any  other  pas- 
serines. Other  familial  or  subordinal  characters,  such  as  the  number  of  cervical 
vertebrae,  were  shown  to  be  variable  within  families  or  shared  with  other  subos- 
cine passerines.  Olson  discussed  several  similarities  between  broadbills  and  co- 
tingas  and  concluded  by  removing  the  Eurylaimidae  from  subordinal  status,  as 
in  most  classifications.  He  placed  the  family  at  the  beginning  of  the  Suborder 
Tyranni,  followed  by  the  Philepittidae,  the  Cotingidae,  and  their  traditional  New 
World  relatives.  Raikow  (1987)  later  demonstrated  that  the  plantar  vinculum  was 
not  uniquely  eurylaimid,  as  it  also  occurred  in  Philepitta  (but  not  in  Neodrepanis). 
This  left  the  monophyly  of  the  Eurylaimidae  “supported  by  a rather  modest 
attribute,  the  further  lateral  expansion  of  M.  flexor  hallucis  brevis  . . . and  by 
modification  of  M.  flexor  perforatus  digiti  IV  . . . which  is,  however,  absent, 
apparently  by  reversal,  in  Calyptomena.  Thus  this  family,  which  once  seemed  so 
well  defined,  is  now  only  tenuously  recognizable  as  being  monophyletic”  (Raikow, 
1987:37). 

The  pterylosis  of  the  Eurylaimidae  further  muddies  the  family’s  presumed 
monophyly.  Smithornis,  while  showing  the  strongest  development  of  the  unique 
and  universal  suboscine  character  (a  gap  between  the  pterylae  Capitalis  and  Spin- 
alis), also  has  a pars  pelvica  type  that  is  unique  in  passerines  but  also  occurs  in 
some  piciforms  (Nitzsch,  1867).  In  addition,  Smithornis  has  a strikingly  short 
and  lightly  feathered  pars  dorsalis  with  a small  apterium,  in  dear  contrast  to  the 
spinal  feathering  seen  in  the  other  eurylaimids.  Cymbirhynchus  and  Serilophus 
are  similar  to  Smithornis  in  that  the  apterium  does  not  extend  the  full  length  of 
the  pars  dorsalis,  but  otherwise  they  are  like  Eurylaimus,  Psarisomus,  and  CaP 
yptomena  in  general  strength  of  the  pars  dorsalis  and  in  having  a short  basal 
apterium  in  the  pars  pelvica.  No  other  passerines  I have  examined  have  lacked 
any  central  feathers,  and  hence  have  an  apterium,  complete  or  partial,  in  the  pars 
pelvica.  Eurylaimus,  Psarisomus,  and  Calyptomena  are  relatively  similar  to  each 
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Other  (except  for  heavier  feathering  in  Calyptomena)  and  differ  from  Smithornis, 

Cymbirhynchus,  and  Serilophus  in  having  a complete  apterium  in  the  pars  dorsalis. 
A complete  apterium  is  also  commonly  found  in  the  Cotingidae,  Pipridae,  Ty- 
rannidae,  and  Phytotomidae,  and  a partial  apterium,  such  as  in  Smithornis,  Cym- 
birhynchus, and  Serilophus  is  also  found  in  Philepitta  and  some  oscines.  In  the 
dorsal  body  pterylosis,  therefore,  the  broadbill  genera  examined  show  a unique 
feature,  an  apterium  in  the  pars  pelvica,  that  sets  them  apart  from  other  passerines. 
The  apterium  between  the  pterylae  Capitalis  and  Spinalis  is  a character  that  they 
universally  share  with  other  suboscines  but  not  oscines.  Various  other  characters 
group  them  into  three  or  four  (perhaps  more  when  all  the  genera  can  be  studied) 
distinctive  types  within  a strikingly  variable  family.  Pterylography  thus  supports 
Olson’s  concept  that  the  modem  eurylaimids  constitute  a remnant  family  and 
one  that  “probably  represent[s]  the  oldest  remaining  passerine  stock”  (197 1:5 12). 
The  piciform-like  pars  pelvica  of  Smithornis,  however,  does  not  support  Olson’s 
belief  that  that  genus  is  the  most  advanced  of  the  family. 

Pseudocalyptomena  presumably  is  closely  related  to  the  other  African  broadbill, 
Smithornis,  although  Raikow  (1987)  found  one  derived  character  in  Pseudocalyp- 
tomena that  was  not  present  in  Smithornis,  four  derived  characters  in  Smithornis 
not  present  in  Pseudocalyptomena,  and  six  that  were  shared.  Pseudocalyptomena 
also  has  an  unforked  spina  externa  of  the  sternum  (Lowe,  1931),  whereas  that  of 
Smithornis  is  well  forked  (Lowe,  1924;  Olson,  1971).  Olson  additionally  showed 
that  the  spina  is  intragenerically  variable  in  the  cotinga  Procnias,  so  it  may  be  a 
character  of  limited  utility. 

The  monophyly  of  the  Eurylaimidae  is  supported  by  the  ventral  body  pterylosis, 
which  is  similar  in  all  the  specimens  I examined.  It  is  distinctive  in  that  the 
posterior  margin  of  the  separated  pars  pectoralis  is  truncated,  a type  not  found 
in  oscines  but  one  that  occurs  in  the  Pittidae  and  the  New  World  suboscines 
Cotingidae,  Pipridae,  and  Tyrannidae. 

To  the  extent  that  the  sole  specimen  of  Neodr epanis  permits  generalizations, 
the  Philepittidae  have  a unique  combination  of  pterylographic  characters.  Their 
very  heavily  feathered  pars  dorsalis  is  like  that  of  the  Acanthisittidae,  but  with  a 
partial  apterium  like  that  of  some  of  the  eurylaimids.  Ventrally,  the  margin  of 
the  separated  pars  pectoralis  has  an  oblique  configuration  that  is  probably  uni- 
versal in  the  oscines  and  occurs  in  some  New  World  suboscines  (Fumariidae, 
Formicariidae,  and  Phytotomidae)  but  in  no  other  Old  World  suboscine. 

The  Pittidae  also  have  a unique  combination  of  pterylographic  characters.  The 
pars  dorsalis  is  solidly  feathered,  as  it  is  in  the  New  Zealand  wrens,  but  shorter 
(in  birds  with  a much  larger  body)  and  more  lightly  feathered.  The  ventral  pars 
pectoralis  shares  a margin  type  with  the  Eurylaimidae  and,  as  noted  above,  with 
certain  New  World  suboscines  but  no  oscines. 

The  Acanthisittidae  have  several  striking  pterylographical  features.  The  first  is 
the  extraordinarily  heavy  feathering  of  the  pars  dorsalis,  a characteristic  also  found 
in  the  Menuroidea  (lyrebirds  and  scrub-birds),  which  I no  longer  consider  sub- 
oscine (Bock  and  Clench,  1985),  A specimen  of  Atrichornis  had  228  feathers  in 
the  pars  dorsalis,  but  it  is  a species  with  a larger  body  size  than  that  of  New 
Zealand  wrens,  and  there  were  656  feathers  in  the  pars  dorsalis  of  the  much  larger 
Menura  (Clench,  1985).  Aside  from  the  pars  dorsalis  lacking  an  apterium,  which 
is  almost  universally  the  case  in  oscines  and  common  in  suboscines  (Pittidae, 
Dendrocolaptidae,  Fumariidae,  Formicariidae,  and  Rhinocryptidae),  the  Acan- 
thisittidae share  no  important  similarities  with  these  Australian  genera.  In  con- 
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trast,  the  New  Zealand  wrens  have  an  interesting  similarity  with  another  suboscine 
family:  the  New  World  Rhinocryptidae  also  lack  a separation  between  the  pars 
pectoralis  and  the  pars  abdominalis.  All  other  passerines  have  that  separation. 

The  picture  that  results  from  the  pterylographic  data  is  that  of  a mosaic  of 
characters.  No  family  shows  the  same  combination  of  patterns  as  any  other. 
Relationships  among  the  Old  World  suboscines  now  have  more  information  to 
add  to  already-amassed  data,  but  the  problem  remains. 
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A NEW  GENUS  OF  PROSCIURINE  RODENT  (MAMMALIA: 

RODENTIA:  APLODONTIDAE)  FROM  THE 
OLIGOCENE  (ORELLAN)  OF  MONTANA 

William  W.  Korth* 

Research  Associate,  Section  of  Vertebrate  Paleontology 
Abstract 

A new  genus  and  species  of  prosciurine  from  the  Orellan  of  Montana,  Pseudallomys  nexodens,  is 
characterized  by  a complex  of  small  lophules  in  the  basins  of  the  lower  cheek  teeth,  a condition 
considered  parallel  to  that  of  allomyines.  Its  closest  relationships  appear  to  be  with  the  Arikareean 
prosciurine  Downsimus. 

Introduction 

Recently,  several  genera  and  species  of  primitive  aplodontids  have  been  de- 
scribed from  the  White  River  Group  of  Nebraska  (Korth,  1986,  1989).  Recog- 
nition of  these  new  taxa  has  greatly  increased  the  known  diversity  of  Orellan  and 
Whitney  an  aplodontids.  All  of  these  species  have  been  referred  at  least  question- 
ably to  the  Prosciurinae,  the  possible  stem  group  of  the  Aplodontidae.  The  ad- 
ditional Orellan  genus  and  species  of  aplodontid  from  Montana  described  below 
increases  this  diversity. 

Dental  terminology  follows  that  of  Wood  and  Wilson  (1936)  with  modifications 
suggested  by  Rensberger  (1975:fig.  lb). 

Systematic  Paleontology 

Order  Rodentia  Bowdich,  1821 
Family  Aplodontidae  Trouessart,  1897 
Subfamily  Prosciurinae  Wilson,  1949 
Genus  Pseudallomys,  new  genus 

Type  and  only  known  species.  ~P.  nexodens  n.  sp. 

Range.— Ortlldin  (late  early  Oligocene  of  Berggren  et  al.,  1985;  early  Oligocene 
of  Swisher  and  Prothero,  1990)  of  Montana. 

Intermediate-sized  prosciurine;  lower  molars  with  complex  net- 
work of  lophules  in  basins,  anterior  cingulid  anterior  to  protoconid,  anteropos- 
teriorly  compressed  metaconid,  complete  hypolophid,  broad  shelf  at  base  of  crown 
buccal  to  large  mesoconid,  doubled  mesostylid  (at  least  on  M2-M3),  long  buccally 
running  lophule  from  both  mesostylids,  and  large  hypoconulid;  molars  increase 
in  size  from  Mi  to  M3. 

Etymolo^.—Grttk,  pseudos,  false;  Allomys,  a rodent  which  superficially  re- 
sembles this  taxon. 


Pseudallomys  nexodens,  new  species 
(Fig.  1,  Table  1) 

Type  and  only  known  specimen.— Cdcrntgit  Museum  specimen  (CM)  11898, 
partial  right  mandible  with  Mj-Mj. 

‘ Department  of  Geological  Sciences,  University  of  Rochester,  Rochester,  NY  14627. 

Submitted  12  March  1990. 


171 


172 


Annals  of  Carnegie  Museum 


VOL.  61 


Horizon  and  locality.  SouXli  side  of  Dry  Hollow,  sec.  5 or  6,  T5N,  R3E,  Dunbar 

Creek  Formation,  Toston  area,  Broadwater  County,  Montana. 

Age.  — Orellan. 

Diagnosis.— As  for  genus. 

Etymology.— Latin,  nexosus,  intertwined;  dens,  tooth. 

Description.  — The  mandible  is  relatively  deep  for  a prosciurine.  The  masseteric 
fossa  ends  anteriorly  in  a rounded  V-shape  below  the  posterior  margin  of  Mi. 
The  incisor  is  laterally  compressed  and  gently  convex  anteriorly. 

The  molars  increase  in  size  from  Mj  to  M3.  The  basins  of  the  molars  are  filled 
with  a system  of  relatively  high,  complex  lophules.  Mj  is  narrower  anteriorly  than 
posteriorly.  The  trigonid  is  open  posteriorly.  The  metastylid  crest  occurs  as  the 
posterolingual  slope  of  the  metaconid.  The  single  mesostylid  sends  an  elongate 
loph  into  the  center  of  the  talonid  basin.  The  entoconid  is  large,  separated  from 
the  posterolophid  and  mesostylid  by  deep  valleys,  slightly  anteroposteriorly  com- 
pressed, and  connected  to  a complete  hypolophid.  The  mesoconid  is  large  and 
triangular  with  a buccal  mesolophid  extending  to  the  buccal  margin  of  the  tooth. 
The  mesoconid  is  set  well  lingually  into  the  talonid  basin  and  is  surrounded 
anteriorly,  posteriorly  and  buccally  by  a low,  flat  surface  of  enamel.  The  hypoconid 
is  large  and  has  a sharp  ridge  running  ventrally  from  its  apex  along  the  anterobuccal 
side  of  the  tooth.  The  hypoconulid  is  large  and  near  the  center  of  the  posterolophid. 

M2  is  larger  than  Mi  with  the  trigonid  nearly  as  wide  as  the  talonid.  A second 
mesostylid  occurs  anterior  to  the  larger,  principal  mesostylid;  a buccal  lophule 
runs  from  it  into  the  talonid  basin. 

M3,  the  largest  molar,  is  rectangular  in  occlusal  view  and  slightly  wider  anteriorly 
than  posteriorly.  The  mesostylid  is  doubled  as  in  M2.  The  mesoconid  is  rounded 
rather  than  triangular.  The  buccal  mesolophid  runs  along  the  anterior  slope  of 
the  tooth  rather  than  directly  buccally  as  in  the  anterior  molars. 

Discussion.  —Pseudallomys  differs  from  nearly  all  prosciurines  by  the  presence 
of  the  network  of  complex  lophules  that  fill  the  talonid  basins  of  the  lower  teeth. 
Only  Ephemeromys  Wang  and  Heissig  (1984)  has  similar  enamel  irregularity. 
However,  the  lophules  in  Ephemeromys  are  low,  vary  in  height,  and  not  strongly 
developed.  The  complete  hypolophid  of  Pseudallomys  is  similar  to  that  of  Hap- 
lomys  and  Pelycomys,  but  is  better  developed  than  in  any  other  prosciurine.  The 
presence  of  two  separated  mesostylids  on  the  lower  molars  is  also  unique.  Cam- 


Table  \.— Measurements  of  the  holotype  0/ Pseudallomys  nexodens,  CM  11898.  Abbreviations:  a-p, 
anteroposterior  length;  tra,  anterior  transverse  width;  trp,  posterior  transverse  width.  Measurements 

in  mm. 


I, 

a-p 

2.11 

tra 

1.13 

M, 

a-p 

1.93 

tra 

1.62 

trp 

1.97 

M, 

a-p 

1.99 

tra 

1.90 

trp 

2.09 

M3 

a-p 

2.62 

tra 

1.98 

trp 

1.95 
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Fig.  l.—Holotype  of  Pseudallomys  nexodens,  CM  11898.  A,  Occlusal  view,  RM1-M3.  B,  lateral  view 
of  mandible.  Bar  scales  below  each  figure  represent  1 mm. 


pestrallomys  has  multiple  mesostylids,  but  they  are  closely  spaced  and  continuous 
with  the  metastylid  crest.  The  lack  of  a metastylid  crest  continuous  with  the 
mesostylid  is  similar  to  the  condition  in  Prosciurus,  Haplomys,  and  some  Pely- 
comys,  but  distinguishes  Pseudallomys  from  Oropyctis.  The  metaconid  is  antero- 
posteriorly  compressed  as  in  Prosciurus  (Rensberger  and  Li,  1986). 

The  anterior  cingulid  anterior  to  the  protoconid  on  the  lower  molars  is  present 
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elsewhere  only  in  the  Arikareean  Downsimus  chadwicki  Macdonald  (1970;  pos- 
sibly synonymous  with  Allomys  sharpi  Macdonald,  1970;  see  Rensberger,  1975). 
The  molars  of  Downsimus  increase  in  size  posteriorly  and  the  hypoconulid  is 
enlarged  as  in  Pseudallomys,  but  several  features  separate  these  two  genera.  The 
molars  of  Downsimus  lack  the  complex  of  lophules  present  in  the  cheek  teeth  of 
Pseudallomys.  The  hypolophid  of  Downsimus  is  not  complete  and  is  anterobuc- 
cally  directed,  the  hypoconulid  is  even  more  enlarged,  the  mesostylid  is  not  dou- 
bled, the  mesoconid  is  not  as  large  and  the  low,  broad  shelf  buccal  to  the  mesoconid 
of  Pseudallomys  is  not  present.  An  anterior  extension  of  the  hypoconid  and  the 
buccal  extension  of  the  mesoconid  fuse  buccally  on  the  molars  of  Downsimus  to 
form  an  enclosed  enamel  fossettid  anterior  to  the  hypoconid.  In  Pseudallomys 
this  area  is  widely  open  buccally,  and  no  fossettid  is  formed.  Downsimus  also 
lacks  the  compressed  metaconid  of  Pseudallomys. 

The  two  shared  derived  features  of  the  cheek  teeth  of  Pseudallomys  and  Down- 
simus (anterior  cingulid  at  the  anterior  base  of  the  protoconid;  enlarged  hypo- 
conulid) may  indicate  a closer  relationship  between  these  two  genera  than  either 
has  with  other  prosciurines.  However,  Downsimus  and  Pseudallomys  are  derived 
in  separate  directions;  specializations  in  the  latter  (doubled  mesostylids,  meso- 
conid shelf,  and  the  network  of  lophules  of  the  lower  molars)  remove  it  from  the 
ancestry  of  Downsimus. 

The  complexity  of  the  lophules  in  the  basins  of  the  lower  cheek  teeth  of  Pseu- 
dallomys is  developed  to  a comparable  degree  in  a number  of  allomyines  (see 
Rensberger,  1983;  Schmidt-Kittler  and  Vianey-Liaud,  1979).  However,  Pseudal- 
lomys lacks  most  of  the  diagnostic  features  of  the  Allomyinae  as  defined  by 
Rensberger  (1983):  1)  reduced  hypolophid;  2)  mesostylid  continuous  with  meta- 
stylid  crest;  3)  posteriorly-directed  crest  from  anteroconid;  4)  enclosed  fossettid 
anterior  to  hypoconid;  and  5)  mesoconid  small  and  buccally  placed.  Allomyines 
also  lack  the  Prosciurus-\ik.t  compression  of  the  metaconid  that  is  present  in 
Pseudallomys.  Pseudallomys  lacks  all  of  the  derived  features  of  meniscomyines 
and  later  aplodontids  (mainly  hypsodonty)  and  possesses  lophules  in  the  basins 
of  its  cheek  teeth  that  are  lacking  in  these  later  aplodontids. 

Among  species  of  Prosciurus,  P.  parvus  has  a distinct  cingulid  at  the  base  of 
the  protoconid  as  in  Downsimus  and  Pseudallomys  while  retaining  occlusal  mor- 
phology of  the  cheek  teeth  typical  of  Prosciurus  (Korth,  1989).  This  may  indicate 
that  P.  parvus  represents  an  ancestral  type  for  both  Pseudallomys  and  Downsimus. 
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Abstract 

The  ground  lizards  (Ameiva)  of  the  Anguilla  Bank  and  Sombrero,  Lesser  Antilles,  are  revised.  The 
nomenclatural  history  is  reviewed  and  clarified.  Ameiva  corvina  is  reviewed  in  relation  to  A.  plei.  Two 
subspecies  of  Ameiva  plei  {A.  p.  plei  and  A.  p.  analifera)  are  recognized  and  one  new  species  (^4.  corax) 
is  named  on  the  basis  of  a combination  of  meristic  and  pattern  characteristics.  Temporal  variation 
in  the  Sombrero  population  and  melanistic  races  of  Ameiva  are  discussed.  This  is  the  first  report  of 
two  species  of  Ameiva  occupying  one  island  bank  in  the  Lesser  Antilles. 


Introduction 

The  Lesser  Antilles  extend  northward  from  South  America  in  a long  arc  of 
more  than  a dozen  major  islands  and  hundreds  of  minor  islets.  These  islands  are 
clustered  on  undersea  banks,  each  of  which  was  emergent  as  one  large  island  until 
the  post-Pleistocene  rise  in  sea  levels.  As  sea  levels  rose  each  large  island  frag- 
mented into  many  smaller  ones.  The  northernmost  of  the  major  islands— Anguilla, 
St.  Martin  (including  St.  Maarten)  and  St.  Barthelemy— lie  on  the  Anguilla  Bank 
(Christman,  1953).  Thirty-two  miles  northwest  of  the  Anguilla  Bank  lies  Som- 
brero, a small,  isolated  island  east  of  Puerto  Rico  and  the  Virgin  Islands. 

Baskin  and  Williams  (1966)  reviewed  the  Ameiva  of  the  Lesser  Antilles  and 
recognized  1 1 species,  each  endemic  to  either  an  island  or  a bank.  Among  the 
species  they  recognized  wqvq  Ameiva  plei  on  the  Anguilla  Bank  2Lnd  Ameiva  corvina 
from  Sombrero.  Here  we  review  variation  and  systematics  of  the  Ameiva  plei 
group,  which  is  composed  of  the  Ameiva  on  the  Anguilla  Bank.  We  also  review 
the  systematics  of  Ameiva  from  Sombrero.  One  new  species  is  described  and  two 
subspecies  of  A.  plei  are  recognized.  Melanistic  populations  are  compared  and 
discussed  in  relation  to  ecological  and  physiological  factors.  An  electrophoretic 
analysis  of  these  populations  is  being  conducted,  and  a long-term  behavioral  and 
ecological  study  is  in  progress  on  the  Anguilla  and  Dog  Island  populations. 

Materials  and  Methods 

A combination  of  meristic  and  pattern  characters  was  used  to  analyze  geographic  variation  in 
populations  of  Ameiva  plei  and  A corvina.  Five  standard  scale  counts  were  taken:  (1)  number  of  dorsal 
granules  in  a line  around  midbody  (GAB);  (2)  total  number  of  femoral  pores  (both  legs);  (3)  number 
of  scales  in  the  fifteenth  caudal  verticil;  (4)  number  of  subdigital  lamellae  on  the  fourth  toe  of  the  right 
hind  foot;  (5)  number  of  transverse  rows  of  enlarged  ventral  scales.  These  counts  are  consistent  with 
those  taken  in  other  studies  of  teiid  lizards  and  are  therefore  useful  for  comparison.  Color  and  pattern 
were  also  recorded.  Size  is  expressed  as  snout-vent  length  (SVL).  Summaries  of  these  counts  including 
mean,  range  of  variation,  standard  error,  and  sample  size  are  given  for  each  island  population  in  Table 
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Table  1.— Summaries  of  data  for  all  island  populations  studied  (includes  mean,  standard  error,  range 

of  variation,  and  sample  size). 


Midbody  granules  Ventral  scales 


St.  Barthelemy 

160.3 

± 

1.16 

(142- 

476) 

N = 

30 

32.0 

± 

0. 

17 

(30-34) 

N = 

34 

Fregate 

162.9 

± 

2.47 

(149- 

476) 

N = 

10 

32.3 

± 

0. 

26 

(31-34) 

N = 

10 

He  Fourche 

153.8 

± 

1.76 

(142- 

468) 

N = 

18 

33.1 

± 

0. 

,24 

(32-36) 

N = 

17 

St.  Martin/Maarten 

160.3 

± 

0.93 

(145- 

478) 

N = 

51 

32.5 

± 

0. 

,11 

(31-35) 

N = 

55 

Anguilla 

163.3 

± 

0.88 

(146- 

485) 

N = 

88 

31.5 

± 

0. 

,12 

(29-34) 

N = 

92 

Scrub 

161.8 

± 

1.64 

(143- 

479) 

N - 

22 

32.3 

± 

0. 

,22 

(30-34) 

N = 

22 

Little  Scrub 

144.0 

± 

1.01 

(127- 

459) 

N = 

51 

33.2 

± 

0. 

,21 

(30-37) 

N = 

53 

Prickly  Pear 

154.4 

+ 

1.79 

(149- 

460) 

N = 

7 

32.4 

± 

0. 

,26 

(31-33) 

N = 

8 

Dog 

145.0 

+ 

1.84 

(135- 

459) 

N = 

15 

32.1 

± 

0. 

.23 

(30-34) 

N = 

18 

Sombrero 

147.7 

± 

2.40 

(139- 

456) 

N = 

16 

34.1 

± 

0. 

.31 

(32-37) 

N = 

16 

1,  and  for  each  taxon  in  Table  2.  Comparisons  between  taxa  for  each  character  are  given  in  Table  3. 
A total  of  569  specimens  was  examined. 

Discriminant  function  analysis  (SPSS/PC  software)  was  performed  using  each  island  population  as 
an  operational  taxonomic  unit  (OTU).  This  “natural”  division  for  classification  resulted  in  only  56% 
of  the  cases  being  correctly  classified.  It  was  apparent  that  islands  did  not  define  taxon  boundaries. 
We  therefore  used  an  independent  t-test  (ABSTAT  software)  to  determine  the  significance  (0.05  level) 
of  differences  between  populations  for  each  character  (Table  3).  On  the  basis  of  the  t-test,  populations 
were  combined  into  four  OTUs  [Sombrero,  Little  Scrub,  St.  Martin,  and  Anguilla-St.  Barthelemy— 
all  satellites  (=Anguilla/St.  Barts)].  Discriminant  function  analysis  was  then  performed  on  these  OTUs 
using  all  variables  except  sex  and  SVL. 

The  following  collections  were  utilized:  Academy  of  Natural  Sciences,  Philadelphia  (ANSP);  Natural 
History  Museum,  London  (BMNH);  Carnegie  Museum  of  Natural  History  (CM);  Museum  of  Natural 
History,  University  of  Kansas  (KU);  Los  Angeles  County  Museum  of  Natural  History  (LACM); 
Museum  of  Comparative  Zoology,  Harvard  University  (MCZ);  Museum  National  d’Histoire  Naturelle, 
Paris  (MNHN);  Rijksmuseum  van  Natuurlijke  Historie,  Leiden  (RMNH);  Florida  State  Museum 
(UF);  University  of  Illinois  Museum  of  Natural  History  (UIMNH);  University  of  Michigan  Museum 
of  Zoology  (UMMZ);  National  Museum  of  Natural  History  (USNM). 

Nomenclatural  History 

Dumeril  and  Bibron  (1839)  described  Ameiva  plei  and  cited  the  type  locality 
as  '‘Martinique  and  St.  Domingue”.  However,  A.  plei  does  not  occur  on  either 
island.  The  specimen  from  “St.  Domingue”  is  not  A.  plei  and  is  discussed  later. 
No  Ameiva  now  occur  on  Martinique,  although  A.  major  may  have  occurred  there 
(Baskin  and  Williams,  1966).  There  has  been  much  confusion  about  Plee’s  col- 
lecting localities  (Stejneger,  1904:557,  622;  Barbour,  1915:73).  Plee  apparently 
collected  on  various  French  islands,  probably  during  a trip  from  Puerto  Rico  to 
Martinique.  The  specimens  were  shipped  from  Martinique  to  the  Paris  Museum 
in  1826,  after  Plee’s  death  (Brygoo,  1989).  At  the  museum  they  were  recorded  as 
being  from  Martinique.  The  type  specimens  of  A.  plei  probably  came  from  St. 
Barthelemy,  a French  island  on  the  Anguilla  Bank  which  is  located  along  Plee’s 
route  between  Puerto  Rico  and  Martinique.  Although  the  French  claimed  St. 
Barthelemy  in  the  early  1 700s,  they  sold  it  to  Sweden  in  1784  and  did  not  reclaim 
it  until  1877.  The  type  specimens  of  A.  plei  were  collected  during  or  before  1839, 
when  Sweden  owned  the  island.  However,  as  Sweden  was  not  at  war  with  France, 
Plee  presumably  would  have  been  allowed  access  to  the  island.  Therefore,  we 
retain  the  emended  type  locality  of  Barbour  and  Noble  (1915):  “probably  St. 
Barthelemy”.  Barbour  and  Noble  (1915)  mistakenly  suggested  that  MCZ  4357  is 
one  of  the  syntypes  of  A.  plei  and  Cochran  (1941),  also  incorrectly,  stated  that 
two  of  the  three  syntypes  are  from  Puerto  Rico. 
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Table  \.— Continued. 


4th  toe  lamellae  1 5th  caudal  verticil  Femoral  pores 


34.2  ± 0.30  (29-37)  N = 32 

33.3  ± 0.53  (30-35)  N = 12 

33.8  ± 0.34  (31-36)  N=  18 

36.6  ± 0.25  (32-41)  N = 49 

34.4  ± 0.19  (30-38)  N = 95 

33.2  ± 0.50  (29-38)  N = 23 

36.8  ± 0.30  (33-^2)  N - 58 

36.8  ± 0.37  (35-38)  N = 8 

33.7  ± 0.49  (30-37)  N=  18 
38.1  ± 0.54  (34-41)  N=  15 


30.9  ± 0.30  (28-34)  N = 34 

32.0  ± 0.42  (30-35)  N = 12 

30.8  ± 0.35  (29-34)  N = 18 

32.3  ± 0.22  (28-38)  N = 53 

30.9  ± 0.16  (27-36)  N = 96 

30.4  ± 0.29  (28-33)  N = 20 

33.2  ± 0.25  (28-38)  N = 57 

28.8  ± 0.31  (28-30)  N = 8 

29.9  ± 0.32  (28-33)  N = 18 

33.3  ± 0.58  (29-38)  N = 17 


45.0  ± 0.46  (40-53)  N = 34 

43.0  ± 0.52  (41-47)  N = 12 

45.3  ± 0.54  (41-48)  N = 18 

45.9  ± 0.39  (41-56)  N = 52 

45.4  ± 0.27  (37-51)  N = 94 

46.5  ± 0.57  (41-52)  N = 22 

62.1  ± 0.40  (58-72)  N = 58 

46.3  ± 1.36  (42-53)N  = 7 

45.9  ± 0.44  (42-49)  N = 17 

57.3  ± 0.80  (50-63)  N = 16 


The  nomenclatural  history  of  Ameiva  piei  is  also  confused.  Three  names  have 
been  proposed  for  Anguilla  Bank  Ameiva:  plei  Dumeril  and  Bibron  (1839),  from 
“probably  St.  Barthelemy;”  analifera  Cope  (1869),  from  St.  Martin  and  St.  Bar- 
thelemy;  and  garmani  Barbour  (1914),  from  Anguilla.  In  addition,  Boulenger 
(1885)  synonymized  A.  scutata  Gray  with  A.  plei,  although  the  original  description 
of  A.  scutata  was  vague  and  no  locality  data  were  given.  Baskin  and  Williams 
(1966)  synonymized  A.  nevisana  (Schmidt,  1920)  with  A.  plei  after  examining  the 
type  specimen,  instead  of  following  Barbour’s  (1930)  suggestion  that  A.  nevisana 
be  synonymized  with  A.  griswoldi.  Baskin  and  Williams  (1966)  also  concluded 
that  the  type  locality  of  A.  nevisana,  originally  given  as  “Nevis  Island,  British 
West  Indies,”  was  incorrect.  In  addition,  numerous  authors  (Barbour,  1930,  1937; 
Grant,  1932)  have  erroneously  listed  Ameiva  exsul  from  Anguilla. 

We  have  retained  the  original  spelling  of  the  name  plei.  The  International  Code 
of  Zoological  Nomenclature  (International  Commission  on  Zoological  Nomen- 
clature, 198 5: Article  31a,  ii)  specifies  that  when  forming  a name  from  a personal 
name  (male),  an  “i”  is  added  to  the  stem  of  the  name.  The  stem  of  the  name  is 
determined  by  action  of  the  original  author. 

Results 

The  four  OTUs  were  compared  using  discriminant  function  analysis.  Function 
1 (Eigenvalue  7.0309)  separated  the  OTUs  on  the  basis  of  number  of  femoral 
pores  and,  to  a lesser  extent,  number  of  granules  around  the  body.  The  only 
variable  of  Function  2 (Eigenvalue  0.3778)  that  is  significant  is  the  number  of 
subdigital  lamellae  (Table  4).  Analysis  of  OTU  centroids  reveals  that  the  means 
of  Function  1 for  the  Anguilla/St.  Barts  OTU  and  the  St.  Martin  OTU  (—1.646 
and  - 1 .090  respectively)  are  similar.  The  means  for  the  Little  Scrub  OTU  and 
the  Sombrero  OTU  are  more  similar  to  each  other  than  to  either  of  the  other 
OTUs  (4.982  and  4.154  respectively)  (Fig.  1).  Using  this  designation  of  OTUs 
results  in  82%  of  the  lizards  being  correctly  classified  (Table  5).  Misclassification 
occurs  only  between  similar  OTUs  (i.e.,  Sombrero  and  Little  Scrub  or  St.  Martin 
and  Anguilla/St.  Barts). 

The  combination  of  meristic  data  and  geological  history  of  the  islands  leads  us 
to  the  following  conclusions:  1)  there  are  two  subspecies  of  A.  plei  (A.  plei  plei  on 
Anguilla,  St.  Barts,  and  all  satellite  islands  including  Tintamarre;  and  A.  plei 
analifera  on  St.  Martin);  2)  A.  corvina  on  Sombrero  is  a separate  species;  3)  the 
population  from  Little  Scrub  Island  is  a third  species,  A.  corax,  n.  sp.  (Fig.  2). 
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Table  3.—Scutellation  data  for  four  subspecies  are  compared.  Plus  sign  denotes  a statistically  significant 
difference;  minus  sign  indicates  no  significant  difference;  (includes  sample  size,  mean,  two  standard 

errors). 


plei 

analifera 

corax 

corvina 

Granules 

plei 

181 

159.8  ± 1.36 

X 

- 

+ 

+ 

analifera 

51 

160.3  ± 1.86 

X 

+ 

+ 

corax 

51 

144.0  ± 2.02 

X 

— 

corvina 

25 

139.8  ± 3.16 

X 

Fourth  toe  lamellae 

plei 

197 

34.2  ± 0.28 

X 

+ 

+ 

+ 

analifera 

49 

36.6  ± 0.50 

X 

- 

+ 

corax 

58 

36.8  ± 0.60 

X 

+ 

corvina 

24 

40.5  ± 1.10 

X 

Ventral  scales 

plei 

194 

31.9  ± 0.18 

X 

+ 

+ 

+ 

analifera 

55 

32.5  ± 0.22 

X 

+ 

+ 

corax 

53 

33.2  ± 0.42 

X 

+ 

corvina 

25 

35.4  ± 0.60 

X 

Fifteenth  caudal  verticil 

plei 

197 

30.6  ± 0.22 

X 

+ 

+ 

+ 

analifera 

52 

32.3  ± 0.44 

X 

+ 

+ 

corax 

57 

33.2  ± 0.50 

X 

- 

corvina 

25 

33.0  ± 0.78 

X 

Femoral  pores 

plei 

195 

45.5  ± 0.36 

X 

- 

+ 

+ 

analifera 

52 

45.9  ± 0.78 

X 

+ 

+ 

corax 

58 

62.1  ± 0.80 

X 

+ 

corvina 

24 

62.4  ± 2.72 

X 

Systematic  Account 

Ameiva  plei  plei  Dumeril  and  Bibron,  new  combination 

Ameiva  plei  Dumeril  and  Bibron,  1839:1 14. 

Ameiva  scutata  Gray,  1845:19. 

Ameiva  analifera  Cope,  1869:158  (part). 

Ameiva  pleii:  Boulenger,  1885:354  (emendation). 

Ameiva  garmani  Barbour,  1914:312, 

Ameiva  nevisana  Schmidt,  1920:1. 

Ameiva  pleeii:  Underwood,  1962:88  (emendation), 

Ameiva  pleei:  Baskin  and  Williams,  1966:154  (emendation). 

Lectotype.  — MNHN  4163  (here  designated),  an  adult  female  from  “Martinique” 
(probably  St.  Barthelemy),  collected  by  Plee. 

Paralectotypes.—MNHN  2648,  same  data  as  lectotype;  MNHN  1784,  an  in- 
termediate-sized specimen  of  Ameiva  chrysolaema  (Dumeril  and  Bibron,  1839), 
said  to  be  from  “St.  Domingue”. 

Diagnosis.  — A subspecies  of  Ameiva  plei  characterized  by  a combination  of  high 
number  of  dorsal  granules  at  midbody,  low  femoral  pore  count,  low  number  of 
subdigital  lamellae  on  the  fourth  toe,  low  number  of  scales  in  the  fifteenth  caudal 
verticil  and  low  number  of  transverse  rows  of  enlarged  ventral  scales  (Table  2). 
This  subspecies  is  large  (males  to  181  mm,  females  to  139  mm  SVL),  although 
maximum  size  varies  (see  interisland  variation).  Adults  are  gray-brown  (some- 
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Table  4,— Pooled- within- group  correlation  between  discriminating  variables  and  canonical  variables. 

* Significant  at  0.05  level 


Function  1 

Function  2 

Function  3 

Femoral  pore 

0.86623* 

-0.17927 

-0,12874 

Granules 

-0,34431* 

-0.05092 

0.10699 

Subdiglamel 

0.30367 

0.78542* 

0.15081 

Caudalrow 

0.23222 

0,21667 

0.68853* 

Bellyplate 

0.28180 

0.51912 

-0.58412* 

times  with  a greenish-blue  tinge)  with  white  spots  along  the  flanks,  extending  onto 
the  back  posteriorly,  sometimes  coalescing  to  form  vertical  white  bars.  Young 
specimens  are  brown  with  seven  light  stripes  (some  broken).  Ventral  scales  are 
bluish-white  to  white  and  patternless,  and  populations  on  some  islands  have  two 
dark  longitudinal  stripes  on  the  ventral  side  of  the  tail 

Distribution.  — Anguilla,  Scrub  Island,  Upper  (eastern)  Prickly  Pear  Cay,  Dog 
Island,  Scilly  Cay,  He  Tintamarre,  St.  Barthelemy,  He  Fourche,  He  Fregate,  He 
Toe  Vers,  He  Chevreau  (Figure  2). 

Description  of  lectotype.—Kn  adult  female  measuring  126  mm  SVL,  tail  broken.  The  color  and 
pattern  were  described  by  Dumeril  and  Bibron  (1839).  Femoral  pores  23  and  21  (total  44);  31  scales 
in  the  fifteenth  caudal  verticil;  fourth  toe  subdigital  lamellae  32  (right  foot);  32  transverse  rows  of 
enlarged  ventral  scales. 

Variation.  —Ameiva  plei  plei  is  a highly  variable  striped  or  spotted  subspecies. 
Interisland  variation  is  described  below.  In  general,  the  smallest  specimens  (40 
mm-74  mm  SVL)  are  distinctly  striped,  with  a light  brown  dorsal  stripe  (some- 
times interrupted  by  the  dark  brown  ground  color)  and  cream-colored  paraver- 
tebral stripes  extending  from  the  occipitals  to  the  groin  and  sometimes  onto  the 
tail.  White  dorsolateral  stripes  extend  from  above  the  eye  onto  the  tail,  and  lateral 
stripes  run  from  the  ear  to  the  hind  leg  and  onto  the  foot.  The  legs  have  light- 
colored  spots.  The  background  color  is  dark  brown  with  very  faint  light  spots. 
Specimens  ranging  in  size  from  64  mm  to  84  mm  SVL  have  faded  stripes;  the 
vertebral  stripe  is  the  least  distinct. 

Specimens  between  80  mm  about  100  mm  SVL  have  faint  striping  anteriorly 
with  spots  on  the  flanks  and  posterior  dorsum.  The  background  color  is  brown 
or  gray.  This  pattern  is  most  common  in  lizards  between  80  and  93  mm,  but  may 
persist  to  the  size  of  134  mm  SVL.  In  some  smaller  specimens  (83  mm-92  mm 
SVL),  but  generally  in  specimens  over  100  mm  SVL,  stripes  are  absent  and  the 
pattern  consists  entirely  of  white  to  greenish-white  spots  along  the  flanks  and 


Table  5. —Classification  results. 


Predicted  group  membership 

Actual  group  No.  of  cases  1 2 3 4 


160 

128 

0 

0 

32 

80.0% 

0,0% 

0.0% 

20.0% 

26 

0 

21 

5 

0 

0.0% 

76.9% 

19.2% 

3.8% 

43 

0 

7 

36 

0 

0.0% 

16.3% 

83.7% 

0.0% 

41 

5 

0 

0 

36 

12,2% 

0.0% 

0.0% 

87.8% 

4 
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FUNCTION  1 

Fig.  1.— Plot  of  discriminant  scores  for  Function  1 and  Function  2,  Open  circle,  plei  plei;  closed 
triangle,  plei  analifera;  closed  circle,  corax;  open  triangle,  corvina;  plus  signs,  centroids. 


posteriorly  on  the  back.  The  spots  are  usually  arranged  in  transverse  rows  and 
may  connect  to  form  bars.  The  tail  and  legs  are  spotted.  The  background  color 
is  gray  or  gray-brown,  with  a greenish-blue  tinge  in  some  specimens.  The  belly  is 
white  in  all  size  classes.  There  may  be  some  suffusion  of  black  in  the  dorsal  area 
between  the  forelegs,  but  the  black  pigment  never  forms  bars.  Some  specimens 
have  two  black  subcaudal  stripes.  Scale  count  variation  is  given  in  Table  2. 

Interisland  variation. —SpQcimQns  from  St.  Barthelemy  are  greenish-brown  with 
blue-green  sides.  They  are  heavily  spotted,  with  pale  green  to  cream-colored  spots 
covering  the  posterior  two-thirds  of  the  dorsum.  These  spots  are  usually  distinct 
and  rarely  join  to  form  bars.  In  specimens  with  stripes  the  pattern  is  distinct, 
however  the  vertebral  and  paravertebral  stripes  may  be  very  faint  and  broken 
into  spots  posteriorly. 


184 


Annals  of  Carnegie  Museum 


VOL.  61 


63  00' 

I 


km 

r-i — r-T-n 

0 5 


- 1£P05' 


1 


Fig.  2. —Islands  of  the  Anguilla  Bank  showing  distributions.  1)  Dog  Island,  2)  Lower  Prickly  Pear  Cay 
(no  lizards),  3)  Upper  Prickly  Pear  Cay,  4)  Little  Scrub  Island,  5)  Scrub  Island,  6)  Scilly  Cay,  7) 
Anguilla,  8)  Tintamarre,  9)  St.  Martin/St.  Maarten,  10)  He  Fourche,  1 1)  He  Chevreau,  12)  He  Fregate, 
13)  He  Toe  Vers,  14)  St.  Barthelemy.  Sombrero  Island  (A.  corvina)  lies  32  miles  northwest  of  Anguilla, 

bearing  3 1 1 degrees. 


The  largest  specimen  from  He  Fregate  (KU  231097,  90  mm  SVL)  has  a faint 
indication  of  paravertebral  stripes  anteriorly.  It  has  spots,  some  of  which  join  to 
form  bars,  on  the  sides  extending  only  slightly  onto  the  back.  A smaller  specimen 
(KU  231102,  77  mm  SVL)  has  faint  traces  of  all  seven  stripes  at  least  anteriorly 
and  some  spotting  on  the  sides.  Other  specimens  are  smaller  and  have  distinct 
cream-to-buff  stripes.  There  are  no  subcaudal  stripes.  These  smaller  specimens 
are  brown  above  with  a blue-green  venter.  This  population  is  characterized  by 
high  incidence  of  anterior  extension  of  the  supraorbital  semicircles.  These  extend 
to  the  middle  of  the  second  supraocular  or  farther.  In  all  other  populations  of  A. 
plei  plei  the  majority  of  specimens  have  supraorbital  semicircles  which  extend 
only  to  or  not  quite  to  the  suture  between  the  second  and  third  supraoculars. 

Large  He  Fourche  specimens  are  uniform  reddish-brown,  with  little  or  no  dorsal 
pattern.  There  are  spots  on  the  sides,  some  of  which  form  bars.  A few  specimens 
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have  some  spots  extending  onto  the  dorsum.  There  may  be  some  black  pigment 
in  the  scapular  area.  Small  specimens  have  seven  distinct  stripes,  and  the  light 
brown  dorsal  stripe  may  be  broken  into  spots  posteriorly.  There  are  two  black 
subcaudal  stripes.  In  all  specimens  examined  the  preocular  does  not  touch  the 
supralabials.  This  is  unlike  most  other  populations  of  the  subspecies  (except  Dog 
Island)  wherein  the  majority  of  specimens  have  the  preocular  in  contact  with  the 
supralabials. 

Anguilla  specimens  are  most  similar  in  scale  counts  to  specimens  from  St. 
Barthelemy,  and  differ  significantly  only  in  number  of  transverse  rows  of  enlarged 
ventral  scales  (Table  1).  In  large  specimens  the  cream-colored  spots  often  join  to 
form  bars,  especially  on  the  flanks  and  on  the  posterior  dorsum.  The  greenish- 
brown  dorsum  is  darker  than  the  sides.  There  may  be  some  black  suffusion  in 
the  shoulder  area,  but  it  never  forms  bars  or  bands.  The  hind  legs  are  heavily 
spotted  or  barred.  Striped  specimens  have  two  black  subcaudal  stripes. 

Large  specimens  from  Scrub  Island  are  indistinguishable  from  those  from  St. 
Barthelemy  and  Anguilla.  Striped  specimens  from  Scrub  Island  are  distinguished 
from  those  of  other  islands  by  the  greater  distinctness  of  the  stripes.  There  are 
two  black  subcaudal  stripes.  Specimens  from  Upper  Prickly  Pear  Cay  differ  the 
most  in  scale  counts  from  other  populations  of  Ameiva  plei  plei  (Table  1).  However, 
we  regard  differentiation  of  this  population  as  insufficient  to  warrant  recognition 
as  a separate  subspecies.  The  color  pattern  of  Upper  Prickly  Pear  Cay  specimens 
is  similar  to  that  of  other  populations.  The  stripes,  however,  are  vivid  white  and 
the  background  color  is  dark  brown.  There  are  two  black  subcaudal  stripes.  The 
spotted  pattern  is  very  similar  to  that  of  Anguilla  specimens.  Upper  Prickly  Pear 
Cay  specimens  do  not  attain  the  large  size  of  Anguilla,  St.  Barthelemy,  and  Scrub 
Island  specimens.  The  largest  male  collected  was  1 1 6 mm  SVL,  and  the  largest 
female  78  mm  SVL.  No  Ameiva  were  found  on  Lower  Prickly  Pear  Cay  on  three 
collecting  trips.  Although  the  habitat  is  suitable  and  the  island  lies  only  150  m 
west  of  Upper  Prickly  Pear  Cay,  no  Ameiva  occur  there.  In  the  absence  of  Ameiva, 
Anolis  gingivinus  was  seen  on  the  ground  more  often  than  in  bushes,  using  the 
typical  Ameiva  habitat. 

In  the  Dog  Island  population  individuals  do  not  attain  large  size  as  in  some 
other  island  populations.  The  largest  specimen  collected  was  1 1 9 mm  SVL.  Sexual 
size  dimorphism  is  slight  or  nonexistent  in  this  population.  The  largest  male  was 
119  mm  SVL  and  the  largest  female  85  mm  SVL.  There  is  greater  sexual  size 
dimorphism  on  other  islands,  with  some  populations  showing  large  differences. 
On  Anguilla,  males  reach  1 8 1 mm  SVL,  whereas  females  grow  to  1 29  mm  SVL. 

The  Dog  Island  population  has  a pattern  similar  to  that  of  populations  from 
other  islands,  but  the  spotted  pattern  is  attained  at  a smaller  size.  The  dorsal 
ground  color  is  light  brown.  In  some  individuals  between  73  mm  and  80  mm 
SVL,  the  striped  pattern  is  faded  and  some  spots  are  present.  The  spotted  or 
barred  pattern  is  present  at  a minimum  size  of  83  mm  SVL.  In  addition,  specimens 
from  Dog  Island  have  a significantly  lower  number  of  dorsal  granules  at  midbody, 
145.0  ± 1.84  (135-159).  In  this  character  the  Dog  Island  population  differs  from 
all  other  populations  of  A.  plei  and  A.  corvina  but  is  not  significantly  different 
from  A.  corax.  The  Dog  Island  population  is  also  characterized  by  the  absence  of 
prefrontal-supralabial  contact,  unlike  all  other  populations  of  A.  plei  plei  except 
that  on  He  Fourche. 

There  are  few  specimens  available  from  He  Tintamarre  (3),  He  Toe  Vers  (1), 
He  Chevreau  (4)  and  Scilly  Cay  (1).  Each  of  these  specimen’s  scale  counts  fall 
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within  the  range  for  Ameiva  plei  pleU  and  until  additional  specimens  are  collected 
these  populations  are  assigned  to  A.  plei  plei. 

Specimens  examined.  SX.  Barthelemy:  CM  118017^118025;  USNM  236314;  KU  231 1 14,  231119, 
23 1 1 22, 23 1 1 25-23 1130,2311 36-23 1137,2311 39-23 1 1 43;  MCZ  4357, 60593-60596, 77 1 99-77203; 
additional  specimens  examined  by  DRP:  LACM  62002-62005;  KU  23111 5“-23 1118,2311 20-23 1121, 
231123-231124,  231131-231135,231138.  lie  Fregate:  KU  231097-231 1 13;  MCZ  77138-77142.  He 
Fourche:  KU  231086-231096,  79820-79823;  MCZ  77143-77148.  Anguilla:  CM  114660-114680, 
114684-114686,  114709-114716, 114722-114726,  114748-114756,  114773-114781,  115474, 115485, 
115511-115517, 115522-115528, 115531,  115533-115534, 115544, 117900-117903, 117923-117925, 
1 17934-117941,  1 17955-117964,  118026-1 18038;  KU  231144-231146,  231161-231162;  MCZ  6141; 
USNM  236281,  236283-236293;  additional  specimens  examined  by  DRP:  KU  231147-231160, 
23 1 1 63-23 1 1 70;  LACM  6 1 995-6200 1 ; MCZ  77204-772 1 0.  Scrub  Island:  CM  1 1 5566-1 1 5567, 1 1 7965- 
117969;  KU  79812-79814;  ASFS  x69,  x85-87;  MCZ  77131-77136,  77183;  USNM  236298-236299; 
additional  specimens  examined  by  DRP:  LACM  61991-61992,  KU  231085;  ASFS  x70-84,  x88-98. 
Upper  Prickly  Pear  Cay:  CM  114795-114797,  117983-117989.  Dog  Island:  CM  114785-114793, 
117949-117954;  MCZ  77194-77195.  He  Tintamarre:  MCZ  77196-77198.  He  Toe  Vers:  KU  231176. 
He  Chevreau:  KU  231172-231175.  Scilly  Cay:  USNM  236296. 

Ameiva  plei  analifera  Cope,  new  combination 

Ameiva  analifera  Cope,  1869:158  (part). 

Ameiva  pleii:  Barbour  and  Noble,  1915:445  (part). 

Lectotype.—ANSF  9080  (here  designated),  an  adult,  sex  undetermined,  from 
St.  Martin,  West  Indies,  collected  by  Dr.  R.  E.  Van  Rijgersma. 

Paralectotypes.-ANSF  9073,  ANSP  9077-9079,  ANSP  9081,  ANSP  9181- 
9182.  Same  locality  as  lectotype.  Malnate  (1971)  also  listed  ANSP  9065,  ANSP 
9072,  and  ANSP  9074-9076  as  syntypes  of  Ameiva  analifera.  ANSP  9065  is  a 
specimen  from  St.  Barthelemy  collected  by  Dr.  A.  H.  Goes  and  belongs  to  the 
subspecies  A.  plei  plei.  The  other  specimens  (ANSP  9072,  9074-9076)  do  not 
belong  to  the  species  Ameiva  plei.  They  are  Ameiva  erythrocephala.  Cope  (1869) 
did  not  mention  these  specimens  in  his  description  of  Ameiva  analifera;  therefore, 
they  should  not  be  included  in  the  series  of  syntypes  of  that  species. 

Diagnosis.— A moderate-sized  subspecies  of  Ameiva  plei  (males  to  139  mm 
SVL,  females  to  107  mm  SVL)  characterized  by  the  combination  of  high  number 
of  granules  at  midbody,  low  number  of  femoral  pores,  moderate  number  of  sub- 
digital lamellae  on  the  fourth  toe,  moderate  number  of  scales  in  the  fifteenth 
caudal  verticil,  and  moderate  number  of  enlarged  transverse  ventral  scales  (Table 
2).  The  background  color  is  gray-green  with  light  spots  (some  forming  bars)  on 
the  posterior  third  of  the  dorsum,  and  there  are  three  to  five  vertical  black  bars 
or  bands  in  the  shoulder  region  (some  not  distinct).  Juveniles  are  medium  brown 
with  very  faint  light  dorsolateral  stripes.  Vertebral  and  paravertebral  stripes  are 
absent.  The  ventral  scales  are  bluish-white  to  white  with  no  pattern,  and  there 
are  no  subcaudal  stripes. 

Redescription  of  lectotype. —CopQ  (1869)  did  not  designate  a holotype  when  he  described  Ameiva 
analifera.  However,  he  did  give  measurements  for  one  specimen  which  he  examined.  These  mea- 
surements are  of  ANSP  9080  and  it  is  herein  designated  the  lectotype  of  Ameiva  plei  analifera.  It  is 
an  adult,  sex  undetermined,  measuring  112  mm  SVL,  tail  216  mm  (the  distal  57  mm  is  regenerated). 
Dorsal  granules  at  midbody  159;  transverse  rows  of  enlarged  ventral  scales  32;  femoral  pores  21  and 
22  (total  43);  30  scales  in  the  fifteenth  caudal  verticil;  fourth  toe  subdigital  lamellae  33  and  32  (total 
65).  The  specimen  is  in  poor  condition,  and  its  color  is  very  faded.  Spots,  some  of  which  join  to  form 
bars  on  the  sides,  are  present.  Posteriorly  two  rows  of  spots  continue  from  the  sides  across  the  back. 
There  are  four  transverse  dark  bars  in  the  shoulder  region  which  are  broken  middorsally.  A fifth  bar 
reaches  to  the  middorsum  on  the  right  side.  There  is  no  ventral  pattern.  Cope  described  this  subspecies 
as  “Greenish  yellow  below,  brownish  olive  above,  . . . 
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Distribution. —Si.  Maitin/St.  Maarten  (Fig.  2). 

Variation. —Ameiva  plei  analifera  is  a striped/spotted  subspecies.  The  most 
obvious  characteristics  which  differentiate  A.  plei  analifera  are  the  much  faded 
stripes  of  small  specimens,  and  the  black  shoulder  bars  of  large  specimens.  None 
of  the  specimens  examined  have  distinct  stripes  as  in  p.  plei.  Seven  stripes  are 
present  in  lizards  ranging  to  73  mm  SVL,  although  the  stripes  are  usually  faded. 
Some  small  individuals  may  appear  stripeless.  The  background  color  is  medium 
brown  to  greenish-tan.  Specimens  between  73  and  83  mm  SVL  have  no  vertebral 
stripe  and  faded  paravertebral,  dorsolateral,  and  lateral  stripes  with  spots  on  the 
flanks.  Specimens  larger  than  84  mm  SVL  have  white  or  greenish- white  spots  on 
the  flanks  and  posterior  back,  some  of  which  join  to  form  bars.  The  hind  legs  and 
tail  are  spotted.  The  dorsal  color  is  gray-brown.  There  are  3-5  black  vertical  bars 
or  bands  across  the  shoulder  region;  some  may  be  faded.  No  other  subspecies  has 
black  bars  in  this  region. 

Specimens  examined. 9073,  9077-9081,  9181-9182;  CM  118039-118057;  ASPS  19830- 
19840,  19842,  19844-19846,  19860-19877,  19941-19955;  KU  231 171,  231 177-231 184;  MCZ  75078; 
additional  specimens  examined  by  DRP:  LACM  62006-62007. 


Ameiva  corax,  new  species 

Holotype.  — MCZ  77137,  adult  male,  from  the  south  side  of  Little  Scrub  Island, 
off  the  northeastern  tip  of  Anguilla,  collected  23  May  1962  by  Ronald  F.  Klini- 
kowski  (original  number  ASFS  XI 00). 

Paratypes.  -(all  from  Little  Scrub  Island)  CM  39503-39506;  KU  798 1 6-798 1 9, 
231185-231190;  USNM  151832-151837;  AMNH  92143-92146;  UIMNH  55596- 
55599;  UMMZ  125289-125292;  LACM  61993-61994,  23  May  1962,  Ronald  F. 
Klinikowski.  MCZ  77184-77193,  25  May  1963,  James  D.  Lazell,  Jr.;  BMNH 
99.5.29.12-99.5.29.18,  J.  W.  Gregory;  CM  115546-115564,  6 June  1987,  E.  J. 
Censky  and  D.  A.  Carty;  CM  117970-117982,  8 April  1989,  E.  J.  Censky  and 
D.  A.  Carty;  USNM  236300-236302,  8 October  1982,  D.  W.  Steadman,  G.  K. 
Pregill,  L.  K.  Gordon,  and  R.  1.  Crombie. 

Etymology. —ThQ  name  corax  (Greek)  meaning  raven-black,  refers  to  the  coloration  of  the  lizard, 
and  alludes  to  its  similarity  to  A.  corvina. 

Diagnosis.— A moderate-sized  species  (males  to  132  mm  SVL,  females  to  96 
mm  SVL)  with  low  number  of  granules  at  midbody  (127-1 59),  high  femoral  pore 
count  (58-72),  moderate  number  of  subdigital  lamellae  on  the  fourth  toe  (33-42), 
high  number  of  scales  in  the  fifteenth  caudal  verticil  (28-38),  and  moderate  num- 
ber of  transverse  rows  of  enlarged  ventral  scales  (30-37)  (Table  2).  The  dorsum 
is  black,  sometimes  dark  brown,  and  patternless,  and  the  ventral  color  is  slate 
gray  to  black. 

Distribution. —LiltlQ  Scrub  Island,  off  the  northeast  tip  of  Anguilla  (Fig.  2). 

Description  of  holotype.— MdilQ,  111  mm  SVL,  head  length  25  mm,  tail  length  approximately  178 
mm.  Hemipenes  everted.  There  are  142  dorsal  granules  at  midbody;  36  transverse  rows  and  12 
horizontal  rows  of  enlarged  ventral  scales.  Enlarged  preanal  scales  arranged  in  a transverse  row  of  four 
pairs  decreasing  in  size  laterally  and  three  longitudinally  oriented  median  scales,  the  central  one  largest 
and  it  and  posteriormost  one  separating  median  pairs  of  transverse  row.  Femoral  pores  32  on  right 
leg,  33  on  left  leg.  Fourth  toe  subdigital  lamellae  38  on  left  leg.  Tail  scales  in  34  rows  at  fifteenth 
verticil.  Supraorbital  semicircles  reach  to  just  anterior  of  suture  between  second  and  third  supraoculars; 
the  semicircle  is  composed  of  two  to  three  rows  of  granules  posteriorly.  There  are  two  subequal 
preoculars.  The  color  is  entirely  black,  with  a blue-gray  tinge  below;  the  base  of  tail  is  grayish-white 
ventrally,  tip  brownish. 
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Variation.— species  is  patternless  and  black.  It  differs  significantly  from 
A.  p.  plei  and  A.  p.  analifera  in  all  characters.  In  addition,  it  differs  significantly 
from  A.  corvina  in  fourth  toe  subdigital  lamellae  and  femoral  pore  count.  Another 
characteristic  of  this  species  is  that  the  preocular  is  not  in  contact  with  the  su- 
pralabials  (see  the  account  of  A.  corvina  for  further  explanation). 

There  are  two  specimens  which  exhibit  some  remnant  of  pattern.  MCZ  77193 
is  brownish-black  with  faded  cream  spots  on  the  posterior  dorsum  and  hind  legs. 
There  are  two  faint  stripes  on  the  neck.  The  belly  is  gray-black  with  cream-colored 
flecking  in  the  midventral  area  and  undersides  of  the  legs,  the  subcaudals  are  light 
in  color,  and  the  chin  is  grayish-black.  MCZ  76943  has  a black  dorsum  with 
lighter  stripes  on  the  sides  and  hind  legs. 

Ameiva  corvina  Cope 


Ameiva  corvina  Cope,  1862:312. 

Lectotype.—AN^¥  9116  (here  designated),  adult  male,  from  Sombrero  Island, 
collected  by  Mr.  Hanson. 

Paralectotypes.—K^^V  9115,  9117-9118  (two  specimens  are  tagged  9117), 
9120,  9122-9126,  9128-9130,  9134;  MCZ  5532,  10535;  USNM  52215-52216 
(formerly  MCZ  3616).  Cope  (1862)  stated  that  the  types  of  Ameiva  corvina  were 
in  the  Academy  of  Natural  Sciences  in  Philadelphia  (collected  by  Hanson)  and 
the  Smithsonian  (collected  by  Riise).  Barbour  and  Noble  (1915)  gave  a partial 
history  of  the  type  specimens  and  concluded  there  were  no  specimens  of^.  corvina 
at  the  Smithsonian,  but  thought  that  any  specimens  originally  at  USNM  had  been 
given  to  the  MCZ.  Barbour  and  Loveridge  (1929)  listed  MCZ  3613,  3616,  5531 
(typographical  error  for  5532),  and  10535  as  syntypes.  They  stated  that  3613  and 
3616,  formerly  four  in  number,  were  part  of  the  Riise  Collection  (USNM)  acci- 
dentally returned  by  Cope  with  the  Weinland  Collection  to  ANSP.  Two  of  the 
specimens  were  returned  to  the  Smithsonian  (USNM  52215-52216,  formerly 
MCZ  3616,^^  Cochran,  1961).  In  addition,  there  is  no  evidence  in  the  MCZ 
catalog  that  3613  was  a specimen  of  corvina.  Finally,  Barbour  and  Noble  (1915) 
listed  ANSP  9115-9121  as  “types”  of^l.  corvina.  However,  Malnate  (1971)  listed 
the  syntypes  as  ANSP  9115-9130.  Actually,  the  type  specimens  at  ANSP  are 
9115-9118  (two  specimens  are  tagged  9117),  9120,  9122-9130,  9134,  a larger 
series  than  reported  by  Barbour  and  Noble  (1915)  but  with  some  specimens 
apparently  now  missing. 

Diagnosis.— A species  characterized  by  the  combination  of  low  number  of 
granules  at  midbody,  high  femoral  pore  count,  high  number  of  subdigital  lamellae 
on  the  fourth  toe,  high  number  of  scales  in  the  fifteenth  caudal  verticil,  and  high 
number  of  transverse  rows  of  enlarged  ventral  scales  (Table  2).  Males  reach  a size 
of  133  mm  SVL,  females  87  mm  SVL.  This  is  a patternless  species,  dark  brown 
to  black  above  and  slate  gray  to  black  below. 

Distribution.— ^omhvQro  Island,  32  miles  NW  Anguilla. 

Redescription  of  lectotype.  —Cope  (1862)  described  the  species  and  gave  measurements  of  one  spec- 
imen. As  the  measurements  do  not  correspond  to  any  of  the  type  specimens  listed,  we  assume  it  was 
one  of  the  specimens  now  lost.  We  designate  as  lectotype  ANSP  9116,  adult  male,  with  105.5  mm 
SVL,  tail  length  210  mm.  Dorsal  granules  at  midbody  139;  34  scales  in  the  fifteenth  caudal  verticil; 
femoral  pores  35  and  32  (total  67);  fourth  toe  subdigital  lamellae  41;  34  transverse  rows  of  enlarged 
ventral  scales.  The  color  of  the  specimen  has  apparently  faded  in  preservative.  It  is  now  overall  dull 
brown;  there  is  no  pattern. 
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Variation.— species,  like  Ameiva  corax,  is  patternless  and  black.  It  differs 
significantly  from  corax  in  the  following  characters:  fourth  toe  subdigital  lamellae 
38.1  ± 2.2  {corax  36.8  ± 2.3)  (t(05)  = 2.048,  df  = 72)  and  number  of  femoral 
pores  57.3  ± 3.22  {corax  62.1  ± 3.1)  (t(05)  = 5.412,  df  = 72).  It  is  significantly 
different  from  A.  plei  in  all  meristic  characters. 

One  specimen  (MCZ  6141)  shows  a trace  of  pattern.  It  has  rows  of  faded  spots 
on  the  posterior  third  of  the  dorsum  and  there  are  some  black  blotches  on  the 
sides  of  the  neck.  The  venter  is  blue-gray. 

Specimens  examined.  — ANSP  9 1 1 5-9 1 1 8 (two  specimens  have  tags  with  ANSP  9 1 1 7),  9 1 20,  9 1 22- 
9126,  9128-9130,  9134;  MCZ  3616,  5532,  10535,  60621,  76940-76947;  additional  specimens  ex- 
amined by  DRP:  BMNH  67.1 1.4.1,  94.6.29.26;  RMNH  3863,  28A-28F;  UF  19417-19421. 

Temporal  Variation 

Examination  of  available  collections  of  Ameiva  corvina  reveals  temporal  vari- 
ation in  meristic  characters.  Scale  counts  of  specimens  collected  before  1 900  are 
significantly  different  from  counts  of  those  collected  since  1 940  for  all  characters 
except  fifteenth  caudal  verticil.  In  addition,  specimens  collected  since  1940  are 
more  similar  to  A.  corax.  When  characters  from  all  specimens  (old  and  new)  are 
analyzed  together,  the  Sombrero  Island  and  Little  Scrub  Island  populations  differ 
significantly  in  three  of  five  characters:  granules  139.1  ± 7.9  {corax  144  ± 7.2) 
(t(05)  = 2.523,  df  = 80);  fourth  toe  subdigital  lamellae  40.5  ± 2.8  {corax  36.8  ± 
2.3)  (t,  05)  ^ 4.469,  df  ^ 82);  transverse  rows  of  enlarged  ventral  scales  35.3  ± 1.6 
{corax  33.2  ± 1.6)  (t(05)  = 4.949,  df  = 84).  When  the  pre-1900  specimens  are 
excluded  from  the  analysis,  the  two  island  populations  differ  in  only  two  char- 
acters: fourth  toe  subdigital  lamellae  and  femoral  pore  count  (see  above).  We  have 
chosen  to  use  only  specimens  collected  since  1940  for  comparisons  because  they 
more  nearly  represent  the  meristics  of  the  present  population.  Though  the  current 
Sombrero  Island  population  superficially  resembles  Ameiva  corax,  we  recognize 
it  as  a separate  species  with  similarities  due  to  convergence. 

Ford  and  Ford  (1930)  studied  an  isolated  population  of  the  butterfly  Melitaea 
aurinia  and  found  that,  when  the  population  was  abruptly  and  drastically  reduced 
in  numbers,  it  became  genetically  more  homogeneous.  Subsequent  increase  in 
numbers  increased  variability.  When  the  population  stabilized,  variability  de- 
clined and  homogeneity  was  reestablished.  However,  the  new  means  for  the  pop- 
ulation were  different  from  those  which  existed  in  the  previous  stable  period.  It 
is  possible  that  the  temporal  shift  in  scale  counts  of  the  population  on  Sombrero 
Island  results  from  similar  stabilizing  selection  following  population  size  fluctu- 
ations. 

Sombrero  Island  has  been  drastically  altered  since  its  discovery.  In  1 8 1 1 , phos- 
phate was  abundant  on  the  island.  Between  1 860  and  1880,  much  of  the  phosphate 
was  quarried,  reducing  the  island  to  a low,  flat  rock  with  many  quarry  holes 
(Bannis,  1978;  Rigg,  1963).  In  addition,  in  1898,  a massive  hurricane  hit  the 
island  and  . . swept  over  the  island  ...  the  keepers  (of  the  lighthouse)  thought 
the  island  was  submerged  . . . (log  book  for  the  Sombrero  Light,  kept  on 
Anguilla).  Less  destructive  hurricanes  hit  Sombrero  in  1900  and  1928.  The  mining 
on  the  island  and  consequent  destruction  of  habitat,  coupled  with  the  devastation 
of  the  hurricanes,  undoubtedly  had  an  effect  on  the  size  of  the  lizard  population, 
possibly  reducing  it  drastically.  Since  cessation  of  mining,  lizard  numbers  have 
increased  and  stabilized,  perhaps  resulting  in  new  meristic  “norms.” 
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The  fact  that  the  current  population  on  Sombrero  resembles  the  population  on 
Little  Scrub  Island  in  both  meristic  data,  color,  and  pattern  can  most  easily  be 
explained  as  convergence  in  similar  habitats.  Both  islands  are  small  (Sombrero 
Island  is  3/4  mi  long,  400  yd  wide;  Little  Scrub  Island  is  1/4  mi  long,  500  ft  wide). 
Both  islands  are  low,  barren  rocks  without  trees,  and  both  support  cactus,  ground- 
trailing  herbaceous  plants,  and  small  weeds  (Lazell,  1964;  personal  observation). 
Thorpe  and  Brown  (1989),  in  a study  of  microgeographic  variation  in  lizard  color 
patterns,  found  the  cause  of  variation  to  be  ecological  conditions,  rather  than 
phylogenetic  constraints. 


Melanistic  Races  of  Ameiva 

Melanistic  races  of  lizards  have  been  reported  on  many  islands  (Kramer,  1949; 
Mertens,  1934,  1952,  1963;  Crisp  et  al,  1979).  Several  theories  have  been  pro- 
posed to  explain  this  phenomenon.  Among  them  are  Eisentrauts’s  theory  (as  stated 
in  Mertens,  1952)  that  the  melanistic  coloration  is  due  to  the  nutrition  derived 
from  the  type  of  plants  on  which  the  lizards  feed.  Another  similar  theory  is  that 
the  increase  in  sea  salts,  due  to  salt  spray,  in  the  diet  of  lizards  might  be  responsible 
for  the  dark  coloration  (Mertens,  1963;  Carlquist,  1974).  Kramer  (1949)  hypoth- 
esized that  because  these  lizards  live  in  a barren  environment,  exposed  to  intense 
radiation,  the  melanistic  color  provides  protection  from  the  damaging  rays  of  the 
sun.  However,  two  main  theories  have  been  advanced:  the  theory  of  thermoreg- 
ulation and  that  of  cryptic  coloration.  These  theories  need  not  be  mutually  ex- 
clusive. 

Mertens  (1963)  was  the  first  to  advance  the  theory  of  thermoregulation  as  the 
cause  for  melanism  in  lizards  that  occur  on  islands  in  the  Mediterranean,  He 
refuted  Eisentrauts’s  theory  of  food  type,  stating  that  many  melanistic  forms  feed 
solely  on  the  abundant  insect  fauna.  He  also  rejected  the  theory  of  cryptic  col- 
oration citing  an  island  where  dark  lizards  lived  on  light-colored  rocks,  though 
he  did  note  that  there  were  no  apparent  predators  on  the  island  (Mertens,  1952). 
He  theorized  that  the  proximate  cause  of  melanism  is  thermoregulation.  The  dark 
coloration  facilitates  warming  the  lizard  on  cool  mornings  or  in  the  cool  season. 
He  stated  that  black  races  do  not  occur  on  similar  islands  in  areas  where  it  is 
continuously  hot,  such  as  in  the  Red  Sea. 

However,  three  races  of  melanistic  lizards  have  been  found  in  the  eastern 
Caribbean,  a region  where  the  climate  is  typified  by  constant  mild  temperatures. 
They  Ameiva  corvina  from  Sombrero,  A.  corax  from  Little  Scrub,  and  .4.  atrata 
from  Redonda.  It  seems  unlikely  that  in  a constant  mild  environment  a lizard 
would  need  an  added  catalyst  to  warm  itself.  Ernst  (1982)  questioned  why  more 
tropical  versus  temperate  emydid  turtles  are  black.  He  stated  that  the  more  rapid 
heating  would  be  a disadvantage  where  the  sun’s  rays  are  more  direct  and  the 
temperatures  are  consistently  high.  He  suggested  that  “good  absorbers  of  radiant 
energy  are  also  good  radiators,”  and  concluded  that  although  the  animals  may 
heat  at  a higher  rate,  they  also  dissipate  heat  at  a higher  rate  when  they  move 
into  the  shade.  Norris  (1967),  however,  stated  that  it  has  been  wrongly  assumed 
that  because  a reptile  is  visibly  dark,  it  reradiates  at  a greater  rate  than  light- 
colored  reptiles.  Visible  color  is  not  relevant  to  a lizard’s  capability  to  radiate. 
Both  dark  and  light  reptiles  may  emit  long-wave  infrared  radiation,  which  is 
crucial  to  the  energy  balance  of  ectothermic  animals,  at  the  same  rate  per  unit 
area.  He  further  stated  that  the  surface  texture,  rather  than  color,  may  be  a better 
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indicator  of  a good  reflector.  Smooth  or  polished  surfaces  tend  to  reflect  long- 
wave infrared  radiation  compared  to  rough  or  matte  surfaces. 

Crisp  et  al.  (1979)  found  that  experiments  on  the  rates  of  warming  and  cooling 
indicate  that  the  effect  of  color  on  heat  balance  is  negligible  for  Lacerta  dugesi  of 
the  Madeiran  Archipelago  under  natural  summer  conditions.  In  addition  to  heat 
balance  studies  on  variously  colored  free-ranging  lizards,  they  used  “model”  liz- 
ards of  matte  black  or  reflective  silver  to  assess  the  effects  of  surface  color  and 
shading  on  heat  absorption.  Their  data  showed  that  exposure  to  sun  or  shade 
makes  a large  difference  in  heat  gain,  but  that  the  difference  in  color  in  constant 
sunshine  affected  heat  balance  only  to  a small  extent.  These  results,  coupled  with 
the  general  resemblance  between  lizard  color  and  color  of  substrate,  led  the  authors 
to  conclude  that  avoidance  of  predation  is  a better  explanation  than  thermoreg- 
ulation. Norris  (1967)  showed  that  background  color-matching  is  a real  phenom- 
enon and  that  it  apparently  developed  through  predator  pressure.  In  addition, 
Kaufman  (1974)  conducted  predation  experiments  on  light  and  dark-colored  old- 
field  mice  {Peromyscus  polionotus)  and  found  that  owls  capture  more  of  conspic- 
uous than  matching  prey  on  both  light  and  dark  soils. 

It  appears  highly  unlikely  that  thermoregulation  is  the  proximate  causal  factor 
for  melanism  in  tropical  lizards,  especially  for  those  living  on  dark  substrate. 
Interestingly,  the  two  black  species  in  which  dorsal  granules  were  counted  showed 
a reduction  in  the  number  of  granules,  and  thereby  an  increase  in  the  size  of 
granules,  in  comparison  with  patterned  species.  It  is  possible  that  increase  in  scale 
size  creates  a more  uniform  surface  which  may  actually  reflect  more  long-wave- 
length infrared,  thus  inhibiting  rapid  increases  in  heat. 

The  most  plausible  theory  to  account  for  the  melanistic  races  of  Ameiva  in  the 
Caribbean  is  that  of  cryptic  coloration  due  to  selective  predation.  All  three  species 
occur  on  small  (1  mi^  or  less)  islands  of  dark  substrate.  There  is  little  cover  under 
which  to  hide.  Seabirds,  including  frigatebirds,  gulls,  terns,  tropicbirds,  and  boo- 
bies, are  very  abundant  on  these  islands  and  are  all  potential  predators.  Gulls  are 
known  to  be  voracious  and  may  eat  almost  anything.  In  addition  to  fish,  they  are 
known  to  feed  on  rabbits,  squirrels,  and  rats  (Terres,  1980).  Frigatebirds  regularly 
pick  up  young  terns  off  the  sand  and  snatch  eggs  from  nests  (Palmer,  1962).  They 
also  feed  on  sea  turtles  (Terres,  1980).  Brown  boobies  have  been  seen  feeding  on 
Ameiva  (R.  Crombie,  personal  communication).  As  the  diet  of  these  birds  appears 
to  be  relatively  catholic,  we  cannot  eliminate  lizards,  which  often  occur  at  high 
densities,  as  potential  prey.  To  be  camouflaged  against  the  background  would  be 
highly  advantageous  to  the  lizard,  especially  in  the  presence  of  avian  predators. 

Discussion 

During  the  late  Pleistocene  (about  1 7,000  years  ago),  sea  levels  were  much  lower 
than  they  are  at  present.  Emergent  land  masses  in  the  Caribbean  were  larger  and 
distances  between  them  relatively  shorter,  especially  in  the  northern  Lesser  An- 
tilles. As  sea  levels  rose,  most  of  the  land  masses  were  submerged,  leaving  only 
isolated  hills  and  ridges  emergent.  These  are  the  present-day  islands,  each  of  which 
lies  on  a submerged  bank,  separated  in  many  instances  by  great  distances  over 
water. 

The  most  recent  revision  Q^  Ameiva  of  the  Lesser  Antilles  (Baskin  and  Williams, 
1966)  recognized  1 1 species,  each  occurring  on  a separate  bank.  When  we  com- 
pared the  characteristics  of  species  from  banks  south  and  east  of  the  Anguilla 
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Bank,  we  found  a strong  meristic  similarity  between  A.  plei  and  A.  griswoldi  of 
the  Antigua  Bank  (Table  6).  Ameiva  erythrocephala  of  St.  Kitts  Bank,  although  it 
occurs  on  a bank  immediately  south  of  the  Anguilla  Bank,  shows  very  little 
meristic  resemblance  to  A,  plei.  Previous  workers  have  suggested  a west-to-east 
direction  of  colonization  rather  than  northward  through  the  Lesser  Antillean  chain 
of  islands  (Gorman  and  Atkins,  1969;  Williams,  1969).  Biochemical  and  chro- 
mosomal studies  on  Anolis  from  the  northern  Lesser  Antilles  indicate  that  the 
invasion  appears  to  have  been  from  Puerto  Rico  eastward  (Gorman  and  Atkins, 
1969).  In  addition,  Sphaerodactylus  macrolepis  from  Anguilla  appears  to  be  of 
Greater  Antillean  affinity  (King,  1962).  However,  when  we  compared  Ameiva 
exsul  (Table  6)  from  Puerto  Rico  with  A.  plei,  the  results  do  not  change.  We  found 
stronger  meristic  similarity  between  A.  plei  and  A.  griswoldi  than  between  plei 
and  either  exsul  or  erythrocephala.  A discriminant  function  analysis  scatterplot 
of  all  species  placed  A.  griswoldi  within  the  A.  plei  complex.  Ameiva  exsul  and  A. 
erythrocephala  are  distinct  groups  in  this  analysis. 

Proximity  of  banks  does  not  appear  to  be  the  only  factor  influencing  dispersal. 
As  the  Antigua  Bank  is  farther  than  the  St.  Kitts  Bank  from  the  Anguilla  Bank, 
the  similarity  between  plei  and  griswoldi  appears  paradoxical.  However,  when  the 
banks  were  emergent,  the  distance  between  the  Anguilla  Bank  and  the  Antigua 
Bank  was  considerably  less  than  at  present,  and  prevailing  ocean  currents  in  the 
region  are  in  a general  WNW  direction.  These  two  factors  may  have  facilitated 
overwater  dispersal  between  the  two  banks.  A colonist  leaving  the  Antigua  Bank 
would  be  swept  directly  toward  the  Anguilla  Bank,  whereas  one  from  the  closer 
St.  Kitts  Bank  would  be  swept  westward,  south  of  the  Anguilla  Bank.  Although 
dispersal  events  may  have  been  rare  (Perfit  and  Williams,  1989),  these  data  are 
highly  suggestive  of  exchange  of  lizards  between  the  Anguilla  and  Antigua  banks, 
and  not  with  the  St.  Kitts  Bank,  nor  with  islands  farther  to  the  west.  We  recognize 
that  our  data  set  for  exsul,  erythrocephala  and  griswoldi  is  small  and  that  further 
investigation  is  needed.  Although  genetic  similarity  cannot  be  unequivocally  in- 
ferred from  meristic  similarity,  our  data  suggest  affinity  is  not  due  solely  to  eco- 
logical constraints.  The  habitats  of  these  islands  are  different  from  one  another. 
An  electrophoretic  study,  which  is  underway,  may  clarify  this  relationship. 

As  hypothesized,  while  the  entire  banks  were  emergent,  exchange  between  the 
Antigua  Bank  and  the  Anguilla  Bank  could  have  been  facilitated  by  the  reduction 
in  potential  overwater  dispersal  distance.  With  submergence  of  the  banks  and 
resultant  breakup  of  land  into  isolated  islands,  overwater  distances  increased  and 
colonization  events  probably  diminished,  thus  influencing  divergence  of  popu- 
lations. However,  unlike  some  species  of  Ameiva  (for  instance  Ameiva  auberi  in 
the  Bahamas,  Schwartz  and  McCoy,  1970)  which  have  undergone  rapid  differ- 
entiation into  a number  of  subspecies,  A.  plei  remains  relatively  uniform  through- 
out its  range.  This  pattern  of  intraspecific  variation  is  puzzling.  Brown  et  al.  (1 99 1) 
examined  intraspecific  variation  in  Chalcides  on  Gran  Canaria  and  Tenerife  is- 
lands in  the  Canaries  and  found  correlation  primarily  with  ecological  factors 
(humid  vs.  arid).  Habitats  on  St.  Martin  and  St.  Barts  (and  their  satellites)  are 
grossly  similar.  Both  are  relatively  mountainous  with  moderate  rainfall.  Anguilla 
and  its  satellites  (and  Tintamarre),  in  contrast,  are  flat,  low,  and  dry.  Yet  Ameiva 
plei  plei  occurs  on  both  Anguilla  and  St.  Barts  and  all  satellites,  while  A.  plei 
analifera  is  found  only  on  St.  Martin.  The  black  lizards  of  Little  Scrub  Island 
may  be  a case  of  rapid  differentiation  under  extreme  ecological  conditions. 

The  addition  of  Ameiva  corax  to  the  Anguilla  Bank  fauna  raises  the  number  of 
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Ameiva  species  to  two.  Although  this  is  the  first  report  of  two  species  on  one  bank 
in  the  Lesser  Antilles,  none  of  the  other  species  complexes  has  been  studied  in 
detail. 
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A PUZZLING  NEW  SNAKE  (REPTILIA:  SERPENTES) 

FROM  THE  LATE  PALEOGENE  OF  MISSISSIPPI 

J.  Alan  Holman^ 

Gerard  R.  Case^ 

Abstract 

A puzzling  new  genus  and  species  of  primitive  alethinophidian  snake,  Tuscahomaophis  leggetti,  is 
described  on  the  basis  of  vertebrae  from  the  late  Paleocene  Tuscahoma  Formation  of  Meridian, 
Mississippi.  Tuscahomaophis  has  characters  on  the  centrum,  condyle,  hypapophysis,  neural  arch,  and 
prezygapophyses  that  indicate  relationships  to  the  Palaeophiidae  and,  to  a lesser  extent,  the  Nigero- 
phiidae  and  distinguish  it  from  other  primitive  alethinophidians.  But  Tuscahomaophis  differs  from 
the  above  two  families  in  the  location  of  the  paradiapophyses,  characters  on  the  ventral  centrum  and 
neural  arch,  and  in  having  parazygantral  foramina  that  occur  in  small  fossae.  Curiously,  the  parazy- 
gantral  character  is  unique  to  the  Madtsoiidae  (and  one  other  undescribed  snake)  and  is  considered 
to  be  apomorphic  in  each  of  these  taxa. 

At  present  it  seems  best  to  suggest  that  Tuscahomaophis  is  a sister  group  of  the  Palaeophiidae,  that 
the  Nigerophiidae  is  a sister  group  to  both  of  the  former;  and  that  Tuscahomaophis  has  independently 
developed  the  parazygantral  character  of  the  Madtsoiidae.  The  new  snake  is  assigned  to  the  suborder 
Alethinophidia,  family  incertae  sedis.  Tuscahomaophis  may  have  been  an  aquatic  snake  that  occupied 
a riverine  or  an  estuarine  habitat. 

Introduction 

In  April  1990  a field  party  from  the  Carnegie  Museum  of  Natural  History  led 
by  K.  C.  Beard  collected  the  vertebral  remains  of  a new  genus  and  species  of 
primitive  alethinophidian  snake  from  the  upper  part  of  the  Tuscahoma  Formation 
in  Meridian,  Mississippi.  The  new  form  is  puzzling,  as  it  has  a suite  of  characters 
that  indicate  it  is  most  similar  to  the  Palaeophiidae  and  somewhat  less  similar  to 
the  Nigerophiidae;  one  character  that  is  unique  to  the  Madtsoiidae  (and  one  other 
undescribed  snake);  and  other  characters  that  distinguish  it  from  all  three  families. 
Here  we  describe  this  new  taxon  and  discuss  its  relationships. 

The  Tuscahoma  Formation.— ThQ  upper  part  of  the  Tuscahoma  Formation  at 
Meridian,  Mississippi,  has  previously  been  referred  to  the  early  Eocene  (Case, 
1986;  Dockery  et  al.,  1991;  Parmley  and  Case,  1988:334),  but  new  evidence 
(Ingram,  1991)  suggests  that  the  sediments  that  yielded  the  new  snake  described 
below  are  of  latest  Paleocene  age. 

The  Tuscahoma  Formation  at  the  Meridian,  Mississippi,  site  (CM  loc.  5 17;  see 
Beard  and  Tabrum,  1991)  is  overlain  by  the  fossiliferous  Bashi  Formation.  CM 
loc.  5 17  is  the  first  known  vertebrate  site  in  the  Tuscahoma  Formation,  and  likely 
represents  an  estuarine  or  riverine  deposit,  as  it  contains  the  teeth,  scales,  ver- 
tebrae, spines,  etc.,  of  a large  variety  of  fishes  including  numerous  species  of 
selachians  (Case,  1986).  The  fauna  also  includes  a variety  of  tetrapods  including 
mammals,  birds,  lizards,  crocodilians,  turtles,  the  presently  described  new  prim- 
itive alethinophidian  snake,  and  three  species  of  palaeophiid  snakes:  Palaeophis 

‘ Michigan  State  University  Museum,  East  Lansing,  MI  48824-1045. 

2 P.O.  Box  689,  Ridgefield  Park,  NJ  07660. 

Submitted  13  June  1991. 


197 


198 


Annals  of  Carnegie  Museum 


VOL.  61 


casei  Holman,  P.  virginianus  Lynn,  and  P.  littoralis  Cope  (Holman,  1982;  Parmley 
and  Case,  1988;  Holman  et  al.,  1991). 

Abbreviations  are:  CM,  Carnegie  Museum  of  Natural  History;  MSUVP,  Mich- 
igan State  University. 


Systematic  Paleontology 

Order  Serpentes  Linnaeus,  1758 
Suborder  Alethinophidia  Nopsca,  1923 
Family  incertae  sedis 
Tuscahomaophis,  new  genus 

Diagnosis. —SimilsLT  to  primitive  alethinophidian  snakes  in  having:  a short, 
robust  vertebral  form;  a massive  zygosphene  and  zygantrum;  a thick,  short  neural 
spine;  a large  cotyle  and  condyle;  and  lacking  prezygapophyseal  accessory  pro- 
cesses. 

Most  similar  to  Palaeophiidae  and,  to  a lesser  extent,  the  Nigerophiidae,  Similar 
to  both  in  having:  condylar  axis  horizontal  or  only  slightly  oblique;  roof  of  zygan- 
trum structurally  simple;  lateral  walls  of  posterior  neural  arch  almost  vertical; 
prezygapophyseal  articular  facets  small  and  obliquely  oriented;  and  prezygapophy- 
seal buttresses  with  a sharp,  anterolateral  border  running  from  the  anterodorsal 
border  of  the  paradiapophyses  to  the  anterolateral  tip  of  the  prezygapophyses, 
and  projecting  anterolaterally  beyond  the  prezygapophyseal  articular  facets. 

Similar  to  Palaeophiidae  and  differs  from  Nigerophiidae  in  having:  a shorter 
vertebral  form;  a relatively  smooth,  unexcavated  ventral  centrum;  a small  hyp- 
apophysis  confined  to  the  posterior  extent  of  the  ventral  centrum;  and  a depressed 
neural  arch.  Resembles  the  Nigerophiidae  and  differs  from  the  Palaeophiidae  in 
lacking  pterapophyses. 

Differs  from  both  families  in  having:  the  paradiapophyses  elevated  on  the 
centrum;  zygantral  articular  facets  located  in  a common  chamber  rather  than 
separate  chambers;  and  single  parazygantral  foramina  present  lateral  to  the  zygan- 
tral chamber,  each  foramen  occurring  in  a small  fossa. 

Etymology. —ThQ  generic  name  refers  to  the  Tuscahoma  Formation. 

Tuscahommphis  leggetti,  new  species 
(Fig.  1-3) 

Diagnosis.— as  for  the  genus. 

Type  specimens.— }lo\oiypt:  trunk  vertebra,  CM  47872  (Fig.  1),  collected  by 
K.  C.  Beard,  A.  R.  Tabrum,  G.  R.  Case,  and  J.  J.  Leggett.  Paratypes:  twelve  trunk 
vertebrae— CM  47855  (one  vertebra,  Fig.  2);  CM  47856  (six  vertebrae);  MSUVP 
1334  (five  vertebrae.  Fig.  3),  all  collected  at  the  same  locality  and  horizon  by  the 
same  collectors. 

Horizon.— Paleocene,  Tuscahoma  Formation. 

Type  locality.— CM  loc.  517  (coordinates  on  file  at  CM),  Lauderdale  County, 
Mississippi. 

Etymology.  — The  specific  name  is  for  J.  J.  Leggett,  one  of  the  collectors  of  the 
type  material. 

Description.— T\m  description  follows  the  order  of  views  in  Fig.  1-3.  In  pos- 
terior view,  the  holotype  vertebra  has  the  neural  arch  depressed  with  its  lateral 
walls  nearly  vertical.  The  zygantral  area  is  massive  but  structurally  simple.  There 
is  a single,  large  zygantral  chamber  which  houses  the  zygantral  articular  facets  on 
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Fig.  1.— Holotype  trank  vertebra  of  Tuscahomaophis  leggetti  nov.  gen.  et  sp.,  CM  47872.  A,  posterior 
view;  B,  anterior  view;  C,  dorsal  view;  D,  ventral  view;  E,  lateral  view.  The  line  equals  8 mm  and 
applies  to  all  views. 
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each  side.  Single  parazygantral  foramina  lie  in  small  fossae  on  either  side  of  the 
zygantral  chamber.  The  neural  canal  is  round  and  is  about  two-thirds  the  size  of 
the  condyle.  The  condyle  is  rounded  and  very  massive  with  its  axis  horizontal  to 
the  horizontal  plane  of  the  centrum.  The  paradiapophyses  are  massive  and  in- 
distinctly divided.  The  hypapophysis  is  barely  visible  in  this  view. 

In  anterior  view  the  zygosphene  is  massive.  The  neural  canal  is  roughly  tri- 
angular and  is  about  two-thirds  as  large  as  the  cotyle.  Paracotylar  foramina  are 
present,  the  right  is  larger  and  more  dorsally  situated  than  the  left.  The  cotyle  is 
oval  and  wider  than  high.  The  prezygapophyses  are  tilted  upward  very  sharply. 

In  dorsal  view  the  vertebra  is  wider  than  long.  There  are  no  prezygapophyseal 
accessory  processes.  The  faces  on  the  prezygapophyseal  articular  facets  are  small 
and  obliquely  oriented.  The  zygosphene  is  distinctly  set  off*  from  the  neural  arch 
and  its  anterior  border  is  slightly  concave.  The  neural  spine  is  broken,  but  its 
remnants  indicate  that  it  was  elongate  and  was  wide  posteriorly.  Epizygapophyseal 
spines  are  absent. 

In  ventral  view  the  paradiapophyses  are  massive,  indistinctly  divided,  and  in 
an  elevated  position  on  the  centrum.  The  centrum  is  short,  massive  and  its  ventral 
surface  is  smooth  except  for  the  development  of  a small  hypapophysis,  which  is 
thin  and  restricted  to  the  posterior  extent  of  the  ventral  centrum.  The  postzyg- 
apophyseal  articular  facets  are  ovaloid. 

In  lateral  view  the  zygantral  facets  are  ovaloid.  The  paradiapophyses  are  mas- 
sive, indistinctly  divided,  and  in  an  elevated  position  on  the  centrum.  The  pre- 
zygapophyseal buttresses  have  a sharp  anterolateral  border  running  from  the 
anterodorsal  border  of  the  paradiapophyses  to  the  anterolateral  tip  of  the  pre- 
zygapophyses and  projecting  beyond  the  prezygapophyseal  facets.  The  small  hyp- 
apophysis arises  from  the  posterior  one-half  of  the  centrum.  The  condyle  is  mas- 
sive. 

There  are  few  trenchant  variations  in  the  paratypes.  Fig.  2 shows  a paratype 
trunk  vertebra  of  a snake  that  was  smaller  than  that  of  the  holotype.  Fig.  3 shows 
a paratype  trunk  vertebra  that  is  from  a more  anterior  part  of  the  vertebral  column 
than  that  of  the  holotype;  it  has  a somewhat  more  vaulted  neural  arch. 

Systematic  Relationships  and  Paleoecology 

The  classification  used  here  follows  Rage  (1984)  with  the  exception  that  the 
Madtsoiidae  is  considered  a family  rather  than  a subfamily. 

In  this  system,  snakes  are  divided  into  two  suborders,  Scelecophidia  and  Ale- 
thinophidia.  Tuscahomaophis  trunk  vertebrae  represent  the  latter  rather  than  the 
former  in  having  a neural  spine,  a distinct  hypapophysis,  paracotylar  foramina 
and  a less  depressed,  much  more  complex  vertebral  structure. 

Tuscahomaophis  especially  resembles  some  of  the  primitive  alethinophidian 
families  such  as  the  Lapparentophiidae,  Aniliidae,  Xenopeltidae,  Boidae,  Madt- 
soiidae, Palaeophiidae,  Acrochordidae,  and  Nigerophiidae  in  having  a short,  ro- 
bust vertebral  form,  a massive  zygosphene  and  zygantrum,  a thick  neural  spine, 
a large  cotyle  and  condyle,  and  in  lacking  prezygapophyseal  accessory  processes. 


Fig.  2.— Paratype  trunk  vertebra  of  Tuscahomaophis  leggetti  nov.  gen.  et  sp.,  CM  47855,  from  a snake 
that  was  smaller  than  the  holotype.  A,  posterior  view;  B,  anterior  view;  C,  dorsal  view;  D,  ventral 
view;  E,  lateral  view.  The  line  equals  8 mm  and  applies  to  all  views. 
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Fig.  3.--Paratype  trunk  vertebra  of  Tuscahomaophis  leggetti  nov.  gen.  et  sp.,  MSUVP  1334,  from  a 
more  anterior  part  of  the  vertebral  column  than  in  the  holotype.  A,  posterior  view;  B,  anterior  view; 
C,  dorsal  view;  D,  ventral  view;  E,  lateral  view.  The  line  equals  8 mm  and  applies  to  all  views. 


1992 


Holman  and  Case— Paleogene  Snake  from  Mississippi 


203 


Fig.  4.— Hypothetical  phylogenetic  relationships  of  Tuscahomaophis  (TUS)  to  Palaeophiidae  (PAL) 
and  Nigerophiidae  (NIG).  1 . Monophyly  based  on  characters  in  paragraph  2 of  diagnosis  section.  2. 
Monophyly  based  on  characters  in  paragraph  3 of  diagnosis  section.  Characters  are  presumed  to  be 
synapomorphic  although  in  some  cases  polarities  are  poorly  known. 

Among  these  primitive  families,  Tuscahomaophis  most  closely  resembles  the 
Palaeophiidae  and,  to  a lesser  extent,  the  Nigerophiidae  (Fig.  4).  It  also  shares  a 
unique  character  with  the  Madtsoiidae  (and  one  other  undescribed  genus),  al- 
though a combination  of  other  characters  excludes  it  from  any  of  these  three 

families  (see  Diagnosis  section). 

Tuscahomaophis  resembles  the  Palaeophiidae,  especially  the  genus  Palaeophis, 
in  the  following  characters.  It  has  a relatively  smooth  and  unexcavated  ventral 
centrum.  Its  condylar  axis  is  horizontal  or  very  slightly  oblique  to  the  horizontal 
plane  of  the  centrum.  It  has  a small,  short  hypapophysis  that  is  confined  to  the 
posterior  extent  of  the  ventral  centrum.  The  roof  of  the  zygantrum  is  structurally 
simple.  The  neural  arch  is  depressed,  with  it  lateral  walls  mainly  vertically  ori- 
ented. The  prezygapophyseal  articular  facets  are  small  and  oriented  obliquely. 
The  prezygapophyseal  buttresses  have  a sharp  anterolateral  border  running  from 
the  anterodorsal  border  of  the  paradiapophyses  to  the  anterolateral  tip  of  the 
prezygapophyses  and  projecting  anterolaterally  beyond  the  prezygapophyseal  ar- 
ticular facets. 

The  other  palaeophiid  genus,  Pterosphenus  Lucas,  has  much  enlarged,  upswept 
pterapophyses;  a strongly  compressed  vertebral  form;  and  quite  high  neural  spines, 
unlike  the  condition  in  Palaeophis  and  Tuscahomaophis. 

Tuscahomaophis  also  shares  some  of  the  same  characters  with  the  Nigerophiidae 
that  it  does  with  the  Palaeophiidae  (see  Diagnosis  section),  but  it  differs  in  having 
a shorter  vertebral  form,  a relatively  smooth  ventral  centrum,  a much  shorter 
hypapophysis  and  a depressed  neural  arch.  An  important  character  that  Tusca- 
homaophis and  the  Nigerophiidae  share  is  the  lack  of  pterapophyses,  which  are 
a prominent  feature  of  the  Palaeophiidae. 

Tuscahomaophis  has  one  character  that  occurs  only  in  the  Madtsoiidae  and 
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one  other  unnamed  snake  genus  (Rage,  1984,  and  personal  communication):  the 
presence  of  a single  foramen  on  either  side  of  the  zygantral  chamber,  with  each 
foramen  occurring  in  a small  fossa.  This  character  occurs  in  the  madtsoiid  genera 
Gigantophis  Andrews,  Madtsoia  Simpson,  Alamitaophis  Albino,  and  Patagonio- 
phis  Albino.  This  character  appears  to  be  variable  in  the  vertebral  column  in 
Wonambi  Smith,  a genus  referred  with  doubt  to  the  Madtsoiidae  (Rage,  1984). 
It  cannot  be  determined  in  the  fragmentary  trunk  vertebra  of  Rionegrophis  Albino, 
a genus  that  was  considered  a “probable”  madtsoiid  (Albino,  1986).  The  suite  of 
presumably  derived  characters  that  Tuscahomaophis  shares  with  the  Palaeophi- 
idae  and  Nigerophiidae  and  not  with  the  Madtsoiidae,  implies  that  the  paracotylar 
foramina  in  small  fossae  were  independently  derived  in  Tuscahomaophis. 

Considering  the  evidence,  it  seems  reasonable  to  suggest  that  Tuscahomaophis 
is  probably  a sister  group  to  the  Palaeophiidae  and  that  the  Nigerophiidae  is 
probably  a sister  group  to  both  of  the  former  taxa  (Fig.  4).  The  relationships  of 
Tuscahomaophis  to  the  Madtsoiidae  are  doubtful.  More  osteological  material, 
especially  cranial  elements,  is  necessary  to  establish  the  taxonomic  relationships 
of  Tuscahomaophis  more  firmly. 

The  presence  of  a large  variety  of  fishes,  including  numerous  species  of  sela- 
chians, at  CM  Locality  517  has  led  Case  (1986)  to  suggest  that  the  site  likely 
represents  an  estuarine  or  riverine  deposit.  Three  species  of  palaeophiid  snakes 
(Palaeophis  casei,  P.  virginianus,  and  P.  littoralis)  from  CM  5 1 7 also  are  indicative 
of  riverine  or  estuarine  conditions  (Holman  et  al.,  1991).  The  morphological 
similarities  between  Tuscahomaophis  and  the  Palaeophiidae  (especially  Palaeo- 
phis) implies  that  Tuscahomaophis  was  an  aquatic  snake  that  occupied  similar 
habitats. 
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Abstract 

We  dissected  the  hindlimb  musculature  in  twenty  specimens  of  five  species  of  scansorial  birds  in 
the  passerine  family  Fumariidae,  genera  Margarornis,  Premnornis,  Premnoplex,  and  Roraimia  (col- 
lectively known  as  treemnners).  The  purposes  of  the  study  are:  (1)  to  provide  a complete  description 
of  the  treemnners’  hindlimb  muscles,  (2)  to  account  functionally  for  any  distinctive  muscle  variations 
in  relation  to  the  birds’  scansorial  habit,  and  (3)  to  assess  the  amount  and  types  of  individual  variation 
present.  Treemnners  exhibit  several  myological  variations  that  appear  to  be  adaptive  for  tree  climbing, 
but  they  are  less  highly  specialized  for  this  habit  than  are  the  Dendrocolaptinae.  The  frequency  of 
individual  variation  in  hindlimb  muscles  is  low,  in  conformity  with  other  passerine  species.  We  also 
show  that  the  treemnners  exhibit  the  three  hindlimb  myological  characters  suggested  as  diagnostic  for 
the  Passeriformes  by  Raikow  (1982). 


Introduction 

The  Margarornis  complex  (treemnners  and  barbtails,  hereafter  collectively  re- 
ferred to  as  “treemnners”)  is  a group  of  small,  scansorial  birds  that  inhabit  north- 
ern South  America  and  Central  America.  They  are  members  of  the  family  Fur- 
nariidae,  subfamily  Fumariinae,  which  are  collectively  called  ovenbirds  (Sibley 
and  Monroe,  1990:405-6).  The  Margarornis  assemblage  includes:  the  Fulvous- 
dotted  Treemnner  {Margarornis  stellatus),  the  Pearled  Treemnner  {Margarornis 
squamiger),  the  Ruddy  Treemnner  {Margarornis  rubiginosus),  the  Rusty- winged 
Barbtail  {Premnornis  guttuligera),  the  Spotted  Barbtail  {Premnoplex  brunnescens), 
and  the  Roraimian  Barbtail  {Roraimia  adusta).  The  Beautiful  Treemnner  {Mar- 
garornis bellulus)  and  the  Spotted  Barbtail  {Premnoplex  tatei)  were  recognized  by 
Vaurie  (1980)  as  being  conspecific  with  Margarornis  squamiger  and  Premnoplex 
brunnescens,  respectively,  although  Sibley  and  Monroe  (1990)  listed  them  as 
species.  These  forms  have  traditionally  been  allied  on  the  basis  of  similar  plumages 
and  scansorial  (i.e.,  tree  tmnk  climbing)  foraging  habits,  which  are  comparable 
to  those  of  the  Dendrocolaptinae  (commonly  known  as  woodcreepers). 

The  present  paper  is  part  of  an  ongoing  cladistic  analysis  aimed  at  resolving 
the  relationships  of  the  Fumariinae  and  Dendrocolaptinae  through  the  study  of 
comparative  hindlimb  myology.  In  the  present  paper,  we  describe  the  hindlimb 
musculature  of  the  Margarornis  assemblage,  with  an  emphasis  on  myological 
variation  and  the  extent  to  which  it  may  be  explained  in  terms  of  function.  In 
Rudge  and  Raikow  (1992),  we  address  the  phylogenetic  questions  raised  by  this 
study. 
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Specific  Aims 

In  this  paper  we  examine  representatives  of  all  four  genera  of  the  treerunner 
assemblage,  by  means  of  comparative  hindlimb  myology,  to  address  the  following 
questions:  (1)  What  modifications  in  treerunners  are  correlated  with  their  scan- 
sorial  habit,  and  how  do  they  compare  with  those  found  in  woodcreepers?  The 
functional  value  of  the  distinctive  myological  variations  found  in  this  study  will 
be  analyzed  with  respect  to  these  questions;  (2)  What  kind  of  individual  variation 
occurs  in  the  hindlimb  musculature  of  the  Margarornis  assemblage?  This  question 
will  be  examined  in  the  context  of  a recent  review  of  passerine  myological  variation 
(Raikow  et  al.,  1990);  and,  (3)  Does  the  hindlimb  musculature  of  the  Margarornis 
assemblage  support  the  technical  diagnosis  of  the  Passeriformes?  (Raikow,  1982). 

Materials  and  Methods 

Twenty  specimens  of  five  species  of  birds  preserved  in  ethanol  were  dissected.  Margarornis  stellatus 
was  unavailable  in  museum  collections.  Sample  sizes  and  catalog  numbers  are  given  below  in  paren- 
theses, with  abbreviations  for  museums  from  which  specimens  were  borrowed  as  follows:  FM,  Field 
Museum  of  Natural  History;  LSU,  Louisiana  State  University  Museum  of  Natural  Science;  AMNH, 
American  Museum  of  Natural  History:  Margarornis  rubiginosus  Lawrence  (2:  LSU/JPO  2289,  LSU 
64786);  Margarornis  squamiger  (d’Orbigny  and  Lafresnaye)  (5:  LSU  608 11,  LSU  75008,  LSU  79559, 
LSU  79560,  LSU  331197);  Premnoplex  brunnescens  (Sclater)  (7:  FM  32 1 530,  FM  32 1 53 1 , LSU  7063 1 , 
LSU  75010,  LSU  85962,  LSU  89447,  LSU  95543);  Premnoris  guttuligera  (Sclater)  (5:  LSU  83865, 
LSU  89444,  LSU  89445,  LSU  107624,  LSU  107625);  Roraimia  adusta  (Salvin  and  Godman)  (1: 
AMNH  7685). 

Dissections  were  made  with  a Wild  stereomicroscope  at  magnifications  of  6 x , 1 2 x , and  25  x . Iodine 
stain  (Bock  and  Shear,  1972)  was  used  to  enhance  visibility  of  muscle  fibers.  Preliminary  drawings 
were  prepared  with  the  aid  of  a camera  lucida  microscope  attachment.  Abbreviations  for  Fig.  1-9  are 
as  follows:  CF,  caudofemoralis;  EA,  extended  area  of  the  origin  of  M.  flexor  cruris  medialis;  EDL, 
extensor  digitorum  longus;  FB,  fibularis  brevis;  FCRLA,  flexor  cruris  lateralis  pars  accessoria;  FCRLP, 
flexor  cruris  lateralis  pars  pelvica;  FCRM,  flexor  cruris  medialis;  FDL,  flexor  digitorum  longus;  FIB, 
head  of  the  fibula;  FL,  fibularis  longus;  FPD3,  flexor  perforatus  digiti  III;  FPD4,  flexor  perforatus 
digiti  IV;  FPPD2,  flexor  perforans  et  perforatus  digiti  II;  FPPD3,  flexor  perforans  et  perforatus  digiti 
III;  FTED,  femorotibialis  extemus  pars  distalis;  FTEP,  femorotibialis  extemus  pars  proximalis;  FTI, 
femorotibialis  intemus;  FTM,  femorotibialis  medius;  GI,  gastrocnemius  pars  intermedia;  GL,  gas- 
trocnemius pars  lateralis;  GM,  gastrocnemius  pars  medialis;  ICR,  iliotibialis  cranialis;  IF,  iliofibularis; 
IFI,  iliofemoralis  intemus;  ILPO,  iliotibialis  lateralis  pars  postacetabularis;  ILPR,  iliotibialis  lateralis 
pars  preacetabularis;  ITCA,  iliotrochantericus  caudalis;  ITCR,  iliotrochantericus  cranialis;  LI,  lum- 
bricalis  pars  intermedia;  LL,  lumbricalis  pars  lateralis;  LM,  lumbricalis  pars  medialis;  LOBE,  tibial 
lobe;  OM,  obturatorius  medialis;  PIF,  pubo-ischio-femoralis;  PIFCA,  pubo-ischio-femoralis  pars 
caudalis;  PL,  plantaris;  TCR,  tibialis  cranialis.  Anatomical  nomenclature  follows  Baumel  et  al.  (1979). 

Each  muscle  was  dissected  through  the  entire  series  of  specimens  to  allow  direct  comparison  between 
the  species.  Margarornis  squamiger  was  the  reference  species.  A full  description  of  each  muscle  in 
that  species  is  first  given,  then  compared  with  the  same  muscle  in  the  other  species. 

Under  “Comparison,”  we  describe  interspecific  variation  in  arrangement,  shape,  size,  or  proportions 
of  the  muscle.  We  exclude  slight  differences  in  shape  or  size  that  are  presumably  the  result  of  non- 
biological  causes. 

We  classify  intraspecific  differences  under  “Individual  variation”  according  to  the  categories  pro- 
vided by  Raikow  et  al.  (1990).  We  found  examples  of  three  of  the  five  types  they  recognize:  (1)  minor 
variations  (slight  differences  in  shape,  size,  position,  or  proportions  of  a muscle  that  reflect  nutritional 
differences,  disease,  effects  of  fixation,  etc.),  (2)  singular  variations  (distinctive  variations,  not  known 
to  occur  in  other  species),  and  (3)  mimicking  variations  (variations  atypical  in  one  species  that  mimic 
a condition  characteristic  of  another). 

Descriptions  of  Hindlimb  Muscles 

Muscles  of  the  Thigh 

M.  iliotibialis  cranialis  (ICR)  (Fig.  1,  2,  3) 

M.  squamiger.— This  strap-shaped,  parallel-fibered  muscle  forms  the  cranial 
border  of  the  thigh.  It  is  slightly  wider  at  its  origin,  and  passes  distad  to  the 
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3 mm 

Fig,  L— Lateral  view  of  the  superficial  muscles  of  the  thigh  and  crus  in  Margarornis  squamiger  LSLF 
79560.  Abbreviations  for  Fig.  1-9  are  given  in  Materials  and  Methods. 

craniomedial  surface  of  the  thigh.  Along  its  caudal  edge  it  is  overlain  by  the  cranial 
border  of  M.  iliotibialis  lateralis. 

Origin.  — A single,  fleshy  head  arises  from  the  spinous  processes  of  the  last  two 
free  dorsal  vertebrae  caudal  to  the  cranial  border  of  the  dorsal  iliac  crest,  and 
continues  for  a short  distance  onto  the  cranioventral  margin  of  the  preacetabular 
ilium.  Caudally  the  origin  slightly  overlaps  the  cranial  border  of  M.  iliotrochan- 
tericus  caudalis. 

Insertion.— Tht  muscle  inserts  fleshy  (1)  on  the  distal  one-fourth  to  one-half 
of  the  belly  of  M.  femorotibialis  intemus,  and  (2)  on  the  medial  side  of  the  head 
of  the  tibiotarsus  onto  the  medial  cnemial  crest  and  the  patellar  ligament,  where 
it  is  overlain  by  the  origin  of  M.  gastrocnemius  pars  medialis. 

Comparison.— interspecific  variation  was  found  in  this  muscle. 

Individual  variation.— 

M.  iliotibialis  lateralis  (ILPR,  ILPO)  (Fig.  1 , 2) 

M.  squamiger.  — This  large,  triangular  muscle  occupies  the  lateral  surface  of  the 
thigh,  and  lacks  an  acetabular  gap.  Two  portions  of  the  muscle  are  distinguished 
by  their  positions  relative  to  the  femur: 

Pars  preacetabularis  (ILPR)  is  a large,  flat,  triangular  component  of  the  muscle 
that  lies  cranial  and  superficial  to  the  femur,  completely  covering  Mm.  iliotro- 
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ILPO  ILPR 


3 mm 

Fig.  2.— Lateral  view  of  the  superficial  muscles  of  the  thigh  and  crus  in  Premnoplex  brunnescens  FM 
321531. 


chantericus  cranialis,  iliotrochantericus  medius,  femorotibialis  medius,  and  femo- 
rotibialis  extemus.  It  arises  by  a broad  aponeurosis  from  the  dorsal  iliac  crest 
(superficial  to  M.  iliotrochantericus  caudalis),  and  is  continuous  along  its  caudal 
border  with  the  origin  of  the  postacetabular  portion  of  this  muscle.  It  then  passes 
both  laterad  over  the  surface  of  M.  femorotibialis  extemus  to  contribute  to  the 
lateral  aponeurosis,  applied  tightly  to  the  surface  of  this  muscle;  and  mediodistad, 
its  most  cranial  fibers  inserting  tendinously  on  the  patellar  ligament. 

Pars  postacetabularis  (ILPO)  is  a narrow,  strap-shaped  component  that  lies 
caudal  to,  but  is  continuous  with  the  preacetabular  portion.  It  arises  tendinously 
from  the  caudalmost  portion  of  the  dorsal  iliac  crest  and  adjacent  surface  of  the 
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PIF  iFl 


Fig.  3.— Medial  view  of  the  superficial  muscles  of  the  thigh  and  eras  in  Margarornis  squamiger  FM 
331197. 


postacetabular  iliac  wing^  superficial  to  the  origin  of  M.  iliotrochantericus  caudalis 
along  its  caudo ventral  margin,  and  to  the  origin  of  M.  iliofibularis  along  its  cranial 
border.  It  becom.es  fleshy  at  approximately  the  level  of  the  M.  ischiofemoralis 
insertion  on  the  femur,  and  extends  craniodistad  over  the  cranialmost  portion  of 
M.  iliofibularis  to  insert  by  tendinous  fibers  onto  the  caudolateral  surface  of  M. 
femorotibialis  extemus,  contributing  to  the  lateral  aponeurosis.  The  fleshy  part 
of  this  portion  ends  well  above  its  insertion,  making  the  insertion  of  M.  femo- 
rotibialis extemus  visible  deep  to  it. 

Comparison.— A marked  reduction  in  the  caudal  margin  of  the  postacetabular 
portion  was  found  in  all  specimens  of  Margarornis  squamiger  and  M.  rubiginosus 
(Fig.  1).  This  is  in  contrast  to  Roraimia  adusta,  Premnornis  guttuligera,  and 
Premnopiex  brunnescens  (Fig.  2),  where  the  postacetabular  portion  remains  well 
developed,  its  origin  extending  across  the  origin  of  M.  iliofibularis  to  the  crani- 
almost portion  of  the  origin  of  M.  flexor  cmris  lateralis  pars  pelvica.  In  Premnopiex 
brunnescens  the  fleshy  part  of  the  postacetabular  portion  extended  much  farther 
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distad  than  in  the  other  species,  obscuring  the  insertion  of  M.  femorotibialis 
extemus  (Fig.  2). 

Individual  variation. 

M.  iliofibularis  (IF)  (Fig.  1,  2,  4,  6) 

M.  squamiger.—This  muscle  lies  in  the  caudolateral  region  of  the  thigh,  deep 
to  M.  iliotibialis  lateralis  pars  postacetabularis  and  caudal  to  the  femur.  It  is 
shaped  like  an  elongated  triangle,  with  its  origin  forming  a narrow  base  and  the 
tendon  of  insertion  arising  at  its  apex,  in  the  distal  one-fifth  of  the  muscle.  The 
muscle  is  divided  into  two  portions,  corresponding  to  the  cranial  and  caudal  heads 
observed  in  Eurylaimus  by  Raikow  (1987:1 1).  These  heads  are  fused  throughout 
the  length  of  the  muscle,  as  in  most  passerines,  and  their  fibers  converge  to  form 
a single  belly.  The  caudal  portion  extends  only  four-fifths  the  length  of  the  cranial 
portion. 

Origin.— ThQ  cranial  portion  arises  mostly  fleshy  along  the  dorsolateral  iliac 
crest;  it  begins  aponeurotically  at  its  cranial  end  from  the  caudal  end  of  the  dorsal 
iliac  crest,  and  overlies  the  caudal  margin  of  M.  iliotrochantericus  caudalis,  and 
the  cranial  end  of  the  dorsolateral  iliac  crest  overlying  the  antitrochanter,  deep 
to  the  origin  of  the  postacetabular  portion  of  M.  iliotibialis  lateralis.  The  fleshy 
cranial  border  of  this  origin  lies  superficial  to  the  head  of  the  femur,  partially 
overlying  the  insertion  tendon  of  M.  iliotrochantericus  caudalis.  The  caudal  por- 
tion arises  fleshy  from  the  dorsolateral  iliac  crest,  continuous  with  the  cranial 
portion. 

Insertion.— two  portions,  which  are  nearly  indistinguishable  at  their  or- 
igin, become  more  distinct  as  the  muscle  passes  distad,  their  fibers  converging  on 
a stout  tendon  which  continues  through  the  iliofibularis  loop  (see  below)  and  then 
medial  to  the  lateral  head  of  M.  flexor  hallucis  longus  and  lateral  to  M.  flexor 
digitorum  longus  before  inserting  on  the  caudolateral  surface  of  the  fibular  shaft. 

Comparison.— interspecific  variation  was  found  in  this  muscle. 

Individual  variation.— 

Ansa  m.  iliofibularis  (iliofibularis  loop).— This  tendinous  structure  at  the  base 
of  the  knee  joint  consists  of  three  “arms”  that  house  the  M.  iliofibularis  insertion 
tendon.  The  proximal  femoral  arm  arises  on  the  lateral  surface  of  the  femoral 
shaft  proximal  to  the  origin  of  M.  gastrocnemius  pars  lateralis  and  lateral  to  the 
insertion  of  M.  flexor  cruris  lateralis  pars  accessoria.  The  distal  femoral  arm  arises 
on  the  lateral  aspect  of  the  femur  distal  to  the  proximal  arm,  in  common  with 
the  origin  tendon  of  M.  gastrocnemius  pars  lateralis.  The  fibular  arm  arises  from 
the  lateral  surface  of  the  fibular  shaft  just  distal  to  the  head  of  the  fibula.  It  is 
fused  with  the  tendon  of  the  origin  of  the  lateral  head  of  M.  flexor  hallucis  longus. 

M.  iliotrochantericus  caudalis  (ITCA)  (Fig.  4) 

M.  squamiger.— This  is  a large  muscle  occupying  the  dorsal  iliac  fossa  (Fossa 

iliaca  dorsalis)  on  the  laterodorsal  surface  of  the  preacetabular  iliac  wing.  It  is 
nearly  oval  in  shape  and  asymmetrically  fan-shaped  in  its  fiber  architecture.  The 
fibers  converge  caudad  on  a wide,  flat  tendon.  The  muscle’s  ventral  margin  abuts 
M.  iliotrochantericus  cranialis  (along  the  latter’s  dorsal  border)  and  completely 

overlies  M.  iliotrochantericus  medius. 

Origin.  — The  muscle  arises  fleshy  from  the  surface  of  the  dorsal  iliac  fossa  and 
the  dorsal  iliac  crest. 
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ITCA 


3 mm 

Fig.  4. —Lateral  view  of  the  muscles  of  the  right  thigh  and  crus  in  Roraimia  adusta  AMNH  7685. 
Mm.  iliotibialis  cranialis  (ICR)  and  iliotibialis  lateralis  (IL)  have  been  removed. 


Insertion. —ThQ  fibers  converge  caudad  onto  a wide  tendon  inserting  on  the 
lateral  surface  of  the  proximal  end  of  the  femur  just  distal  to  the  trochanter. 
Comparison.  — No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.  — None. 

M.  iliotrochantericus  cranialis  (ITCR)  (Fig.  3,  4) 

M.  squamiger.~T\m  flat,  triangular  muscle  lies  deep  to  M.  iliotrochantericus 
caudalis.  It  is  generally  thicker  along  its  cranial  margin. 

Origin.  — This  muscle  arises  fleshy  from  the  cranioventral  margin  of  the  preac- 
etabular  ilium  and  aponeurotically  at  its  extreme  ventral  margin. 

Insertion.— Tht  belly  of  this  muscle  is  entirely  separate  from  M.  iliotrochan- 
tericus medius.  It  narrows  as  it  passes  to  its  short  tendinous  insertion  on  the 
craniolateral  surface  of  the  proximal  end  of  the  femur.  The  insertion  tendon  passes 
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Fig,  6. --Origin  of  M.  flexor  perforans  et  perforatus  digiti  II  (FPPD2)  in  Premnoplex  brunnescens  FM 
321531,  showing  the  origin  in  part  from  the  head  of  the  fibula. 


distad  to  the  tendinous  insertion  of  M.  iliotrochantericus  medius,  exhibiting  a 
partial  fusion  with  the  latter  along  its  cranial  border. 

Comparison.  — No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.  — None. 

M.  iliotrochantericus  medius 

M.  squamiger.—Thi^  is  a small,  strap-shaped  muscle  that  lies  between  Mm. 
iliotrochantericus  caudalis  and  iliotrochantericus  cranialis. 

Origin.  — This  muscle  arises  fleshy  from  the  cranio  ventral  margin  of  the  preace- 
tabular  ilium  and  extends  caudal  to  the  origin  of  M.  iliotrochantericus  cranialis. 

Insertion.— ThQ  belly  of  this  muscle  is  entirely  separate  from  M.  iliotrochan- 
tericus cranialis.  It  inserts  by  a narrow  tendon  on  the  craniolateral  surface  of  the 
proximal  end  of  the  femur  at  the  level  of  the  M.  ischiofemoralis  insertion.  The 
insertion  tendon  fuses  with  that  of  M.  iliotrochantericus  cranialis  along  the  latter’s 
caudal  border. 


Fig.  5.— Origin  of  M.  flexor  cruris  medialis  (FORM)  illustrating:  (A)  the  presence  of  a “lip”  in  Mar- 
garornis  rubiginosus  LSU/JPO  2289,  and  (B)  the  hypertrophic  origin  found  in  M.  squamiger  LSU 
75008. 
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Comparison.— interspecific  variation  was  found  in  this  muscle. 

Individual  variation.  — All  of  the  specimens  studied  exhibit  a clear  separation 
between  Mm.  iliotrochantericus  cranialis  and  iliotrochantericus  medius,  with  the 
exception  of  one  specimen  of  Premnoplex  brunnescens  (LSU  89447),  which  bi- 
laterally exhibited  partial  fusion  of  these  muscles.  This  fused  condition  is  char- 
acteristic of  some  dendrocolaptids  as  well  as  some  fumariids  (Raikow,  personal 
communication),  and  thus  in  this  specimen  is  a “mimicking”  variation. 

M.  iliofemoralis  internus  (IFI)  (Fig.  3) 

M.  squamiger.—T\ns  is  a small,  strap-shaped,  nearly  parallel-fibered  muscle 
that  fans  out  slightly  at  the  point  of  insertion. 

Origin.  — The  muscle  arises  fleshy  from  the  ventral  margin  of  the  preacetabular 
ilium  at  a point  just  caudal  and  adjacent  to  the  origin  of  M.  iliotrochantericus 
medius. 

Insertion.  — The  muscle  passes  caudodistad  to  insert  fleshy  on  the  medial  surface 
of  the  proximocaudal  end  of  the  femur,  proximal  to  the  origin  of  M.  femorotibialis 
internus. 

Comparison.  — No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.— 

M.  femorotibialis  externus  et  medius  (FTEP,  FTED,  FTM)  (Fig.  3,  4) 

M.  squamiger.— Mm.  femorotibialis  externus  and  femorotibialis  medius  are 
separate  muscles  in  many  birds,  but  their  extensive  fusion  in  the  species  of  this 
study  allows  their  description  as  a single  complex.  The  muscle  arises  from  the 
cranial,  medial,  and  lateral  surfaces  of  the  femoral  shaft,  inserting  via  a heavy 
tendon  (which  incorporates  the  patella)  onto  the  head  of  the  tibiotarsus.  The  two 
portions  of  the  muscle  are  treated  separately  below. 

M.  femorotibialis  externus  (FTEP,  FTED): 

M.  squamiger.— M.  femorotibialis  externus  lies  on  the  lateral  surface  of  the 
thigh  deep  to  the  central  portion  of  M.  iliotibialis  lateralis,  and  overlies  the  lateral 
aspect  of  the  femoral  shaft.  It  is  composed  of  two  parts. 

Pars  proximalis  (FTEP)  is  incompletely  separated  along  its  cranial  margin  from 
M.  femorotibialis  medius.  It  arises  fleshy  from  the  shaft  of  the  femur  beginning 
just  proximal  to  the  level  of  insertion  of  M.  ischiofemoralis.  Along  its  distal  surface 
the  muscle  gives  rise  to  the  lateral  superficial  portion  of  the  patellar  tendon. 

Pars  distalis  (FTED)  is  an  elongate,  asymmetrically  fan-shaped  muscle  that 
arises  mostly  fleshy  from  the  caudolateral  surface  of  the  femoral  shaft  and  becomes 
tendinous  along  its  proximal  surface  at  about  the  level  of  insertion  of  M.  cau- 
dofemoralis.  It  continues  distad  to  form  a flat  tendon  that  becomes  the  lateral 
deep  layer  of  the  patellar  tendon,  which  inserts  on  the  lateral  cnemial  and  patellar 
crests  of  the  head  of  the  tibiotarsus. 

Comparison.  — No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.  —None. 

M.  femorotibialis  medius  (FTM): 

M.  squamiger.— M.  femorotibialis  medius  (FTM)  is  a thick,  elongated  muscle 
completely  overlying  the  cranial  aspect  of  the  femur.  Along  its  lateral  surface  it 
lies  deep  to  M.  iliotibialis  cranialis  and  to  the  preacetabular  belly  of  M.  iliotibialis 
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Fig.  7.— Relationship  of  M.  flexor  cruris  lateralis  pars  pelvica  (FCRLP)  to  Tendon  M in  Margarornis 
squamiger  LSU  79559. 


lateralis.  Along  its  caudomedial  surface  it  lies  deep  to  M.  femorotibialis  intemus. 
It  is  composed  of  two  parts. 

Pars  proximalis:  This  is  a thick  muscle  overlying  the  cranial  surface  of  the 

femur^  which  is  incompletely  separated  from  M.  femorotibialis  extemus  pars 
proximalis  along  its  lateral  surface.  It  arises  fleshy  for  nearly  the  entire  length  of 
the  femur  along  its  craniomedial  surface,  and  becomes  tendinous  from  the  tro- 
chanter and  curves  mediad  as  it  passes  distad.  Distally  this  muscle  gives  rise  to 
the  cranial  and  medial  superficial  portions  of  the  patellar  tendon  that  jointly  insert 
onto  the  patellar  crest  of  the  tibiotarsus. 

Pars  distalis:  This  is  a small,  elongate,  triangular  muscle  on  the  distomedial 
surface  of  the  femur.  Its  belly  lies  superficial  to  the  medial  surface  of  Pars  prox- 
imalis. It  arises  mostly  fleshy  along  the  medial  surface  of  the  femoral  shaft,  be- 
coming tendinous  at  approximately  the  midpoint  of  the  femur.  The  muscle  con- 
tinues distad,  forming  a flat  tendon  which  is  joined  by  the  tendon  of  Pars  proximalis 
as  it  inserts  on  the  extreme  craniomedial  surface  of  the  patellar  tendon. 
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Fig.  8. —Extension  of  a “lobe”  from  M.  flexor  cruris  lateralis  pars  pelvica  (FCRLP)  into  Tendon  M 

in  Premnopiex  brunnescens  LSU  89447. 

Comparison.  —No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.— 

M.  femorotibialis  internus  (FTI)  (Fig.  3) 

M.  squamiger.  — This  is  a large  muscle  lying  on  the  medial  surface  of  the  thigh, 
over  the  femur.  Its  distal  portion  lies  deep  to  the  insertion  of  M.  iliotibialis  cranialis 
(see  above). 

Origin.— ThQ  muscle  arises  fleshy  along  the  length  of  the  femoral  shaft,  begin- 
ning along  its  proximal  surface  just  cranial  to  the  insertion  of  M.  iliofemoralis 
internus.  Its  narrow  belly  widens  distally  as  its  fibers  converge  caudodistally  to 
insert  partly  fleshy  and  partly  by  a short  tendon  that  arises  on  the  medial  surface 
of  the  muscle. 

Insertion.— ThQ  distal  end  of  the  muscle  passes  over  the  medial  collateral  lig- 
ament (Ligamentum  collaterale  mediale)  to  insert  onto  the  medial  surface  of  a 
large  bony  process  on  the  medial  side  of  the  tibiotarsus,  caudal  to  the  cranial 
cnemial  crest  and  deep  to  the  origin  of  M.  gastrocnemius  medialis. 

Comparison.  — No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.— ^onQ. 

M.  flexor  cruris  lateralis  (FCRLP,  FCRLA)  (Fig.  1,  2,  4,  6,  7,  8) 

M.  squamiger.— This  large,  rectangular  muscle  forms  the  caudolateral  aspect 

of  the  thigh,  and  lies  caudad  to  M.  iliofibularis  and  superficial  to  Mm.  caudofemo- 
ralis,  ischiofemoralis,  and  flexor  cruris  medialis.  It  is  divided  into  two  parts 
separated  by  a raphe. 
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Pars  pelvica  (FCRLP):  The  proximal  portion  of  the  muscle  is  nearly  parallel- 
fibered  throughout  its  length,  and  its  distinctly  thicker  along  its  cranial  border.  It 
arises  mostly  fleshy  from  the  caudal  end  of  the  dorsolateral  iliac  crest  and  the 
adjacent  lateral  surface  of  the  terminal  process  of  the  ilium,  beginning  tendinous 
along  its  cranial  border.  The  caudal  end  of  the  origin  arises  from  the  membrana 
iliocaudalis,  a sheet  of  connective  tissue  associated  with  the  first  one  or  two  caudal 
vertebrae,  and  extends  beyond  the  ilium.  Pars  pelvica  passes  distad  into  the 
proximomedial  portion  of  the  shank,  and  ends  at  the  raphe  separating  it  from 
Pars  accessoria.  The  raphe  arises  on  the  cranial  surface  of  the  muscle  and  passes 
around  the  medial  surface  of  the  belly.  The  caudal  half  of  Pars  pelvica  continues 
caudad  to  the  raphe  and  Pars  accessoria,  forming  a fleshy  “tibial  lobe”  that  gives 
rise,  in  part,  to  Tendon  M.  On  the  lateral  surface  of  the  distal  end  of  Pars  pelvica, 
the  raphe  also  gives  rise  to  a short  extension.  Tendon  G,  which  passes  distad  to 
merge  with  the  dorsal  margin  of  M.  gastrocnemius  pars  intermedia.  (Both  of  these 
extensions  of  the  raphe  are  discussed  in  further  detail  below.) 

Pars  accessoria  (FCRLA):  This  distal,  parallel-fibered  portion  of  the  muscle 
serves  to  connect  Pars  pelvica  to  the  femoral  shaft.  Its  ventral  margin  lies  adjacent 
to  the  dorsal  surface  of  M.  gastrocnemius  pars  intermedia.  The  fibers  of  the  two 
muscles  run  in  parallel  such  that,  when  the  crus  is  flexed,  the  two  lie  together  and 
appear  fused.  It  arises  fleshy  from  the  raphe  as  a continuation  of  Pars  pelvica  and 
passes  craniad  and  at  an  angle  to  the  former  muscle,  to  insert  fleshy  on  the 
distolateral  surface  of  the  femoral  shaft,  deep  to  the  origin  of  the  proximal  arm 
of  the  iliofibularis  loop.  The  insertion  extends  distomediad  over  the  caudal  surface 
of  the  femoral  shaft.  At  the  medial  femoral  condyle,  the  insertion  of  this  muscle 
merges  with  the  origin  of  M.  gastrocnemius  pars  intermedia. 

Raphe:  The  raphe  separating  Pars  pelvica  from  Pars  accessoria  gives  rise  to  two 
tendinous  extensions.  Tendon  G is  a short,  stout  tendon  that  arises  as  a contin- 
uation of  the  raphe  on  the  lateral  side  of  the  muscle,  which  turns  distad  to  merge 
with  the  dorsal  margin  of  the  distal  third  of  the  belly  of  M.  gastrocnemius  pars 
intermedia.  Tendon  M is  a wide,  flat  tendon  that  arises  from  the  distal  half  of 
the  raphe  on  the  medial  side  of  M.  flexor  cruris  lateralis  from  about  the  midpoint 
of  Pars  accessoria  to  the  caudal  margin  of  Pars  pelvica.  Distally,  Tendon  M fuses 
with  the  lateral  surface  of  the  M.  flexor  cruris  medialis  tendon,  providing  an 
effective  insertion  for  Pars  pelvica  on  the  tibia. 

Comparison.— Tendon  M was  found  to  originate  entirely  from  the  tibial  lobe 
of  Pars  pelvica  in  Premnornis  guttuligera  and  Premnoplex  brunnescens  (Fig.  8). 

Individual  variation.— 

M.  flexor  cruris  medialis  (FCRM)  (Fig.  3,  5,  7) 

M.  squamiger.—T\ii%  strap-shaped,  nearly  parallel-fibered  muscle  lies  in  the 
caudolateral  region  of  the  thigh  deep  to  M.  flexor  cruris  lateralis  and  is  superficial 
to  almost  the  entire  caudal  half  of  the  lateral  surface  of  the  ischiopubic  fenestra. 
It  narrows  slightly  toward  its  insertion  on  the  tibial  shaft. 

Origin.  — The  muscle  arises  fleshy  from  the  lateral  surface  of  the  ischium  along 
the  dorsal  surface  of  the  Ala  ischii  from  a point  at  about  the  middle  of  the 
ischiopubic  fenestra  caudad  to  the  dorsal  rim  of  the  ischiopubic  fenestra.  The 
caudal  1 mm  of  the  origin  forms  a characteristic  “lip”  which  extends  dorsad  over 
the  rim  of  the  fenestra,  approximately  0.5  mm  from  the  membrana  iliocaudalis, 
beyond  the  terminal  ischiatic  process. 

Insertion. muscle  passes  distad  medial  to  M.  flexor  cruris  lateralis  and 
lateral  to  M.  gastrocnemius  pars  medialis.  At  approximately  the  level  of  M. 
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gastrocnemius  pars  intermedia,  the  muscle  gives  rise  to  a wide,  flat  tendon  that 
inserts  on  the  medial  surface  of  the  tibial  shaft  superficial  to  the  insertion  of  the 
medial  collateral  ligament.  Along  its  lateral  surface,  the  tendon  is  joined  by  Tendon 
M of  M.  flexor  cruris  lateralis  (see  above). 

Comparison.— interspecific  variation  was  found  in  this  muscle. 

Individual  variation.— 

M.  caudofemoralis  (CF)  (Fig.  1 , 2) 

M squamiger.—T\m  elongate,  flat,  spindle-shaped  muscle  extends  from  the 
femur,  through  the  caudal  half  of  the  thigh,  to  the  undersurface  of  the  pygostyle. 

Origin.— Tht  muscle  arises  by  a flat  tendon  on  the  caudolateral  surface  of  the 
femoral  shaft  slightly  distad  to  the  insertion  of  M.  ischiofemoralis.  The  tendon 
of  origin  of  this  muscle  is  short  and  its  fleshy  belly  arises  proximal  to  the  cranial 
margin  of  M.  flexor  cruris  lateralis.  The  belly  of  the  muscle  widens  distinctly  as 
it  passes  caudad,  superficial  to  Mm.  ischiofemoralis  and  flexor  cruris  medialis, 
and  deep  to  Mm.  flexor  cruris  lateralis  and  iliofibularis. 

Insertion.  — The  muscle  continues  distad  into  the  tail  region  between  Mm.  pubo- 
caudalis  intemus  and  depressor  caudae  to  insert  by  a short,  narrow  tendon  onto 
the  disc  of  the  pygostyle  lateral  to  the  insertion  of  M.  depressor  caudae,  slightly 
craniomedially  and  mostly  deep  to  the  insertion  of  M.  pubocaudalis  intemus. 

Comparison.— interspecific  variation  was  found  in  this  muscle. 

Individual  variation.— 

M.  ischiofemoralis 

M.  squamiger.—This  is  a large,  asymmetrically  fan-shaped  muscle  lying  deep 
to  M.  caudofemoralis.  Its  caudal  margin  arises  from  a membrane  passing  across 
the  caudal  end  of  the  pelvis  from  the  Processus  terminalis  ilii  to  the  Processus 
terminalis  ischii. 

Origin.  — This  muscle  arises  fleshy  from  the  lateral  surface  (the  Lamina  ischiad- 
ica)  of  the  ilium,  caudal  to  the  ilioischiadic  foramen;  and  from  the  ventral  margin 
of  the  Crista  iliaca  dorsolateralis  dorsal  to  the  caudal  half  of  the  foramen.  Ventrad, 
it  arises  from  the  Ala  ischii  caudal  and  ventral  to  that  opening. 

Insertion.  — This  muscle  inserts  by  a stout  tendon  that  arises  on  the  craniolateral 
surface  of  the  muscle  as  it  narrows  craniad  on  the  lateral  surface  near  the  proximal 
end  of  the  femur,  at  the  level  of  the  insertion  of  Mm.  iliotrochantericus  cranialis 
and  iliotrochantericus  medius  and  distal  to  the  insertion  of  M.  obturatorius  me- 
dialis. 

Comparison.— 'Ho  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.  —None. 

M.  obturatorius  medialis  (OM)  (Fig.  3) 

M.  squamiger.—T\m  large,  flat,  asymmetrically  ovoid  muscle  occupies  the 
ischiopubic  fenestra  of  the  pelvic  girdle  medial  to  the  ischiopubic  membrane.  Its 
broadly  bipennate  belly  is  elongate  and  narrow,  and  extends  slightly  farther  caudad 
at  its  ventral  margin  than  at  its  more  rounded  dorsal  margin. 

Origin.  — The  muscle  arises  fleshy  from  the  medial  surfaces  of  the  ischium  and 
pubis  that  form  the  rim  of  the  ischiopubic  fenestra;  dorsally  and  caudally  from 
the  medial  surface  of  the  Ala  ischii;  ventrally  from  the  medial  surface  of  the  pubis. 
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Insertion.  — A stout  tendon  of  insertion  arises  deep  within  the  muscle  and  passes, 
with  some  associated  muscle  fascicles,  through  the  obturator  foramen.  It  emerges 
on  the  lateral  surface  of  the  pelvic  girdle,  dorsal  to  M.  obturatorius  lateralis  pars 
ventralis  and  just  ventral  to  the  antitrochanter,  and  continues  craniolaterad  to 
insert  on  the  femoral  trochanter  dorsal  and  slightly  cranial  to  the  insertion  of  M. 
obturatorius  lateralis  pars  ventralis. 

Comparison. —^o  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.— ISlonQ. 

M.  obturatorius  lateralis 

M.  squamiger.  — This  small  muscle  lies  deep  in  the  hip  on  the  caudal  aspect  of 
the  proximal  end  of  the  femur  and,  in  many  birds,  consists  of  two  separate  bellies: 
Pars  dorsalis  and  Pars  ventralis.  Pars  dorsalis  is  absent  in  M.  squamiger. 

Pars  ventralis:  This  short,  parallel-fibered  muscle  runs  alongside  the  insertion 
tendon  of  M.  obturatorius  medialis  towards  its  insertion  on  the  head  of  the  femur. 

Origin.— muscle  arises  fleshy  from  the  lateral  surface  of  the  Corpus  ischii 
in  the  area  of  fusion  with  the  pubis,  and  also  from  the  ventral  margin  of  the 
obturator  foramen,  a few  fibers  arising  from  the  ventral  lip  of  this  opening. 

Insertion.— muscle  passes  craniodorsad,  and  runs  nearly  parallel  to  the 
insertion  tendon  of  M.  obturatorius  medialis.  It  inserts  fleshy  on  the  caudal  surface 
of  the  proximal  end  of  the  femur  just  distal  to  the  latter  muscle's  insertion. 

Comparison.  — No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.— 

M.  pubo -ischio-femoralis  (PIF,  PIFCR,  PIFCA)  (Fig.  3,  7,  8) 

M.  squamiger.  — As  in  other  passerines,  this  thick  muscle  consists  of  two  separate 
bellies  that  lie  in  a craniocaudal  orientation  (Raikow,  1982:440).  Pars  cranialis 
slightly  overlaps  Pars  caudalis. 

Pars  cranialis  (PIFCR)  is  a wide,  parallel-fibered  muscle  that  extends  from  the 
ischium  to  the  femur.  It  arises  mostly  fleshy  (along  its  lateral  surface)  from  the 
Corpus  ischii  and  the  cranial  end  of  the  Ala  ischii  of  the  ischium,  and  follows  the 
dorsal  rim  of  the  ischiopubic  fenestra  to  about  its  midpoint.  The  muscle  passes 
craniodistad  to  insert  fleshy  along  the  caudal  face  of  the  femoral  shaft  beginning 
proximally  at  the  level  of  the  M.  caudofemoralis  insertion  and  continuing  distad 
to  the  level  of  the  proximal  arm  of  the  iliofibularis  loop  on  its  lateral  side.  The 
muscle  continues  from  its  medial  surface  to  a point  just  short  of  the  medial  femoral 
condyle;  from  its  proximal  surface,  the  muscle  continues  to  the  combined  insertion 
of  Pars  caudalis  and  M.  gastrocnemius  pars  intermedia. 

Pars  caudalis  (PIFCA)  is  a narrow,  almost  parallel-fibered  muscle  lying  caudal 
to  and  entirely  separate  from  Pars  cranialis.  It  arises  by  a wide,  flat  tendon  from 
the  ventral  margin  of  the  Ala  ischii  just  caudal  to  the  origin  of  Pars  cranialis  to 
a point  deep  to  the  cranial  half  of  the  origin  of  M.  flexor  cruris  medialis.  The 
tendon  passes  distad,  widens  and  becomes  fleshy  at  about  the  level  of  the  pubis. 
The  belly  subsequently  narrows  slightly  as  it  passes  distad  to  fuse  on  the  dorso- 
medial  surface  of  M.  gastrocnemius  pars  intermedia.  Its  most  cranial  fibers  con- 
tribute to  the  tendinous  origin  of  the  latter  onto  the  femoral  shaft. 

Comparison.— 'Ho  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.  — None. 
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Muscles  of  the  Crus 

M.  tibialis  cranialis  (TCR)  (Fig.  3) 

M.  squamiger.—This  large  muscle  lies  on  the  cranial  surface  of  the  crus  deep 
to  M.  fibularis  longus  and  superficial  to  M.  extensor  digitorum  longus.  On  the 
lateral  side  of  the  crus  it  lies  cranial  to  M.  fibularis  brevis. 

Origin.— This  muscle  arises  by  two  heads  which  remain  separate  for  most  of 
the  length  of  the  muscle: 

Caput  tibiale:  The  tibial  head  arises  fleshy  from  the  lateral  and  cranial  cnemial 
crests  and  the  intervening  patellar  crest  of  the  head  of  the  tibiotarsus.  This  origin 
is  tendinous  from  the  medial  aspect  of  the  cranial  cnemial  crest.  As  the  tibial 
head  passes  distad,  its  fibers  converge  upon  the  tendon  of  insertion.  The  fleshy 
belly  of  this  muscle  runs  nearly  three-fourths  of  the  length  of  the  crus. 

Caput  femorale:  The  femoral  head  arises  by  a short  (ca.  1 mm),  stout  tendon 
from  the  apex  of  the  lateral  femoral  condyle.  It  passes  distad  to  merge  with  the 
tibial  head,  giving  an  overall  bipennate  arrangement. 

Insertion.— ThQ  common  tendon  of  insertion  passes  beneath  the  transverse 
ligament,  crosses  the  intertarsal  joint,  and  inserts  on  a bony  elevation  (the  Tubero- 
sitas m,  tibialis  cranialis)  on  the  proximocranial  surface  of  the  tarsometatarsus. 
The  tendon  is  not  ossified. 

Comparison. —No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.— Nont. 

M.  extensor  digitorum  longus  (EDL)  (Fig.  3) 

M.  squamiger.— This  is  the  deepest  muscle  on  the  cranial  surface  of  the  crus, 
lying  deep  to  M.  tibialis  cranialis.  The  belly  is  symmetrically  bipennate  at  its 
origin,  changes  to  unipennate  for  about  half  of  its  length,  and  extends  approxi- 
mately three-fourths  of  the  length  of  the  tibiotarsus. 

Origin.  — The  muscle  arises  fleshy  from  the  the  patellar  crest,  the  cranial  cnemial 
crest,  and  also  the  lateral  cnemial  crest  along  the  distal  surface  of  the  Sulcus 
intercristalis.  The  origin  continues  fleshy  along  the  tibial  shaft  from  its  craniomedi- 
al  surface,  giving  the  origin  a roughly  symmetric,  bipennate  appearance.  At  about 
one-third  of  the  length  of  the  belly,  this  craniomedial  origin  converges  on  the 
tendon  of  insertion,  from  which  point  the  muscle  continues  unipennate  along  its 
lateral  surface.  Shortly  before  the  transverse  ligament,  the  fibers  of  the  lateral 
portion  of  the  belly  converge  on  the  common  tendon. 

Insertion.— Tho  tendon  continues  under  the  transverse  ligament  and  then  be- 
neath the  bony  supratendinal  bridge  at  the  distal  end  of  the  tibiotarsus.  From 
there  it  crosses  the  intertarsal  joint.  At  the  dorsoproximal  end  of  the  tarsometa- 
tarsus the  tendon  is  held  in  place  by  an  ossified  loop,  the  Retinaculum  extensorium 
tarsometatarsi.  It  then  continues  distad  along  the  dorsal  surface  of  the  tarso- 
metatarsus, medial  to  the  insertion  of  M.  tibialis  cranialis.  Near  the  distal  end  of 
the  tarsometatarsus  the  tendon  trifurcates,  sending  one  branch  to  each  of  the  three 
forward  toes.  Each  branch  passes  along  the  dorsal  surface  of  its  respective  digit 
to  insert  at  the  base  of  the  ungual  phalanx.  Secondary  attachments  were  not 
examined  in  detail.  Throughout  its  length  the  tendon  exhibits  no  sign  of  ossifi- 
cation. 

Comparison.— No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.— Nono. 
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M.  fitiularis  longus  (FL)  (Fig.  1,  2,  3,  4,  6,  1,  8) 

M.  squamiger.—T\m  is  a well-developed  muscle  on  the  cranial  surface  of  the 
crus,  the  cranial  edge  of  which  is  superficial  to  M.  tibialis  cranialis  and  adjacent 
to  M.  flexor  perforans  et  perforatus  digiti  III.  The  muscle  is  flat  and  roughly  leaf 
shaped.  It  is  asymmetrically  bipennate,  and  is  composed  of  two  muscle  masses 
that  converge  on  a common  central  tendon. 

Origin.— ThQ  muscle  arises  fleshy  from  the  cranial  and  lateral  cnemial  crests, 
and  from  the  patellar  crest.  In  addition,  there  is  an  aponeurotic  origin  from  the 
medial  surface  of  the  cranial  cnemial  crest  at  a point  adjacent  to  the  bony  pro- 
jection discussed  under  M.  femoro tibialis  intemus.  The  aponeurotic  portion  of 
the  muscle  continues  for  the  length  of  the  muscle,  forming  a tendinous  sheath 
along  the  muscle’s  medial  border  superficial  to  Mm.  extensor  digitorum  longus 
and  tibialis  cranialis.  The  fleshy  lateral  origin  is  larger. 

Insertion.  — The  fleshy  belly  continues  for  about  two-thirds  of  the  length  of  the 
crus.  Its  central  tendon  continues  distad  and  subsequently  divides  into  two  branches. 

Short  branch:  The  shorter,  more  caudal  branch  of  the  tendon  extends  distad  to 
fuse  with  the  proximolateral  comer  of  the  tibial  cartilage. 

Long  branch:  The  longer  branch  continues  distad  across  the  lateral  surface  of 
the  tibiotarsus,  passes  beneath  a retinaculum,  and  continues  superficial  to  the  M. 
fibularis  brevis  tendon.  It  then  crosses  the  intertarsal  joint  to  the  proximolateral 
surface  of  the  head  of  the  tarsometatarsus,  where  it  continues  distad  in  a groove 
formed  along  the  caudolateral  edge  of  the  hypotarsus.  At  the  distal  end  of  the 
groove,  the  tendon  passes  beneath  a tendinous  retinaculum  on  its  way  to  its  fusion 
with  the  M.  flexor  perforatus  digiti  III  tendon  at  a point  about  one-third  of  the 
length  of  the  tarsometatarsus.  Neither  tendon  exhibits  ossification. 

Comparison.  — No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation. 

M.  fibularis  brevis  (FB)  (Fig.  1 , 2) 

M.  squamiger.—T\m  is  a long,  narrow,  asymmetrically  bipennate  muscle  that 
lies  deep  on  the  lateral  surface  of  the  cms. 

Origin.  — It  arises  fleshy  from  the  craniolateral  surface  of  the  fibular  shaft  distal 
to  the  M.  iliofibularis  insertion,  and  from  the  craniolateral  surface  of  the  shaft  of 
the  tibiotarsus  for  most  of  its  length.  This  corresponds  to  the  “fibular  head” 
discussed  by  Raikow  (1976:785).  There  is  no  “tibial  head”  as  has  been  described 
in  some  oscines  (e.g.,  Raikow,  1977:100-102,  1978:22).  The  belly  arises  fleshy 
for  nearly  the  entire  length  of  the  cms,  from  both  the  fibular  shaft  and  the  adjacent 
portions  of  the  tibial  shaft.  These  fibers  converge  distad  upon  a common  tendon 
of  insertion. 

Insertion.— tendon  passes  beneath  an  ossified  loop,  the  Retinaculum  m. 
fibularis,  and  deep  to  the  long  branch  of  the  fibularis  longus  tendon,  proximal  to 
the  lateral  condyle.  It  then  crosses  the  intertarsal  joint  turning  slightly  mediad  to 
insert  on  the  proximolateral  comer  of  the  tarsometatarsus.  The  tendon  is  not 

ossified. 

Comparison.— 1^0  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.  — None. 

M.  gastrocnemius  (GL,  FI,  GM)  (Fig.  1,  2,  3,  4,  6,  7,  8) 

M.  squamiger.—T)m  muscle  consists  of  three  separate  bellies  that  contribute 
to  a common  tendon  of  insertion. 
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Pars  lateralis  (GL):  This  is  the  most  superficial  muscle  on  the  dorsolateral  surface 
of  the  crus.  It  is  elongate  and  spindle  shaped  in  appearance.  It  arises  by  a flat 
tendon  that  spreads  out  over  the  medial  surface  of  the  belly  from  the  distolateral 
surface  of  the  femoral  shaft  at  a point  just  proximal  to  the  lateral  condyle.  The 
tendon  originates  slightly  distal  to  the  proximal  arm  of  the  iliofibularis  loop,  itself 
forming  a superficial  layer  of  the  distal  femoral  arm  of  this  structure.  The  fleshy 
belly  of  this  muscle  extends  slightly  over  half  of  the  length  of  the  tibial  shaft.  The 
tendon  of  insertion  arises  over  the  dorsal  surface  of  the  belly  as  it  narrows  distally, 
and  joins  with  the  tendons  of  the  other  bellies  to  form  the  common  tendon  of 
insertion  of  M.  gastrocnemius. 

Pars  intermedia  (GI):  This  is  the  smallest  and  most  deeply  situated  of  the  three 
bellies.  It  consists  of  a narrow,  elongated,  and  slightly  spindle-shaped  belly  that 
extends  from  the  femur  less  than  half  the  length  of  the  crus.  The  belly  is  essentially 
parallel  fibered  and  flattened  along  its  lateromedial  surface.  It  arises  partly  fleshy 
and  partly  by  short  tendinous  fibers  from  the  caudodistal  margin  of  the  femoral 
shaft  in  the  region  of  the  Fossa  poplitea  and  also  from  the  lateral  surface  of  the 
medial  femoral  condyle.  A few  tendinous  fibers  pass  to  the  belly  from  the  joint 
capsule.  The  middle  portion  of  the  origin  lies  just  medial  to  and  in  close  association 
with  the  insertion  of  M.  pubo-ischio-femoralis  pars  caudalis.  The  dorsal  boundary 
separating  the  origin  of  this  muscle  from  M.  flexor  cruris  lateralis  pars  accessoria 
is  obscured  by  the  presence  of  several  muscle  fascicles  that  arise  from  Tendon  G 
of  M.  flexor  cruris  lateralis  and  extend  to  the  femur.  The  belly  extends  approxi- 
mately one-third  of  the  length  of  the  crus,  giving  rise  to  a tendon  that  joins  with 
the  tendons  of  the  other  bellies  to  form  the  common  tendon  of  insertion.  Tendon 
G enters  at  about  the  midpoint  of  the  belly  and  contributes  to  the  dorsal  margin 
of  the  distal  one-half  of  the  belly  and  to  the  tendon  of  insertion. 

Pars  medialis  (GM):  This  is  the  most  superficial  muscle  on  the  medial  surface 
of  the  crus.  The  belly  is  like  that  of  other  passerines,  in  which  it  is  broad  with  a 
convex  cranial  margin.  It  arises  fleshy  from  the  medial  surface  of  the  cranial 
cnemial  crest  on  the  head  of  the  tibiotarsus  and  from  the  distal  and  cranial  surfaces 
of  a bony  projection  discussed  above  under  M.  femorotibialis  intemus.  The  origin 
continues  distad  from  the  tibial  shaft  and  also  from  the  aponeurotic  surface  of 
the  underlying  M,  fibularis  longus.  The  belly  of  the  muscle  passes  distad,  and 
extends  nearly  two-thirds  of  the  length  of  the  crus  before  giving  rise  to  a tendon 
on  its  medial  surface  which  joins  with  the  tendons  of  the  other  bellies  to  form 
the  common  tendon  of  insertion  of  M.  gastrocnemius. 

The  tendon  of  insertion  passes  over  the  tibial  cartilage  and  the  hypotarsus,  to 
the  lateral  and  medial  edges  of  which  it  has  loose  connections.  Beyond  the  hy- 
potarsus it  turns  laterad  and  spreads  to  an  insertion  on  the  low  lateral  plantar 
crest  on  the  caudolateral  surface  of  the  tarsometatarsus.  None  of  the  tendons  is 
ossified. 

Comparison.  — All  specimens  of  Premnornis  guttuligera  and  Premnoplex  brun- 
nescens  were  found  to  have  both  deep  and  superficial  heads  for  Pars  medialis, 
some  of  which  also  were  found  to  exhibit  a patellar  band  (described  by  Raikow, 
1987:18)  to  varying  degrees.  The  single  specimen  of  Roraimia  adusta  exhibited 
only  one  head.  (On  the  Margarornis  specimens.  Pars  medialis  was  removed  before 
a determination  of  whether  separate  heads  were  present;  but  only  one,  M.  rubi~ 
ginosus  LSU  64786,  was  found  to  have  bilaterally  a patellar  band.) 

Individual  variation.— An  interesting  unilateral  variation  in  Pars  medialis  was 
found  in  Margarornis  squamiger  LSU  75008  and  LSU  79560,  Margarornis  ru- 
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biginosus  LSU/JPO  2289,  and  Premnoplex  brunnescens  FM  321531,  in  which  a 
separate  tendon  of  origin  was  found  deep  to  the  origin  of  Pars  medialis  listed 
above.  This  represents  a “singular”  variation. 

M.  plantaris  (PL)  (Fig.  7,  8) 

M.  squamiger. —This  small  muscle  lies  in  the  caudomedial  region  of  the  crus, 
deep  to  the  insertion  tendon  of  M.  flexor  cruris  medialis,  medial  to  the  origin  of 
the  medial  head  of  M.  flexor  digitorum  longus,  and  lateral  to  the  medial  collateral 
ligament.  Its  narrow,  fan-shaped  belly  extends  distad  for  one-fourth  of  the  length 
of  the  crus. 

Origin.  — The  muscle  arises  fleshy  from  the  proximomedial  surface  of  the  head 
of  the  tibiotarsus. 

Insertion.— ThQ  fine  tendon  of  insertion  arises  as  a superficial  sheet  over  the 
distal  part  of  the  medial  side  of  the  belly.  The  tendon  proceeds  distad  to  its 
insertion  on  the  proximomedial  comer  of  the  tibial  cartilage  and  is  nonossified 
throughout  its  length. 

Comparison. —ISlo  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.  — None. 

M.  flexor  perforans  et  perforatus  digiti  II  (FPPD2)  (Fig.  1 , 2,  6) 

M.  squamiger.  — This  flat,  narrow,  fan-shaped  muscle  lies  on  the  proximolateral 
surface  of  the  cms  between  Mm.  flexor  perforans  et  perforatus  digiti  III  and 
gastrocnemius  pars  lateralis.  The  belly  extends  about  one- third  of  the  length  of 
the  cms. 

The  muscle  arises  fleshy  from  the  laterodistal  surface  of  the  femur 
just  proximal  to  the  origin  of  M.  gastrocnemius  pars  lateralis  and  the  caudal  edge 
of  the  lateral  femoral  condyle.  The  origin  extends  caudolaterad,  along  the  liga- 
mentum  collaterale  laterale,  the  lateral  collateral  ligament,  onto  the  head  of  the 
fibula  itself  A common  raphe  extends  from  this  origin  between  Mm.  flexor  per- 
forans et  perforatus  digiti  II  and  flexor  perforans  et  perforatus  digiti  III  for  a short 
distance  over  the  surface  of  the  latter  muscle.  The  undersurface  of  the  origin 
proximal  to  the  lateral  femoral  condyle  is  tendinous  and  serves  as  a common 
origin  tendon  for  M.  flexor  perforatus  digiti  II. 

Insertion.— K fine  tendon  of  insertion  arises  on  the  lateral  surface  of  the  belly 
and  proceeds  distad.  It  passes  through  the  tibial  cartilage  and  hypotarsus  and 
continues  along  the  plantar  surface  of  the  tarsus  to  the  base  of  digit  IT  Upon 
emerging  from  the  hypotarsus,  the  tendon  entwines  the  M.  flexor  perforatus  digiti 
II  tendon,  and  passes  superficial  from  a position  initially  medial  to  this  latter 
tendon.  At  the  distal  end  of  the  tarsometatarsus,  the  tendon  becomes  deep  to  the 
tendon  of  M.  flexor  perforatus  digiti  II  as  it  passes  deep  to  Metatarsal  I on  its 
way  to  the  plantar  surface  of  the  second  digit.  Upon  emergence,  the  tendon 
ensheathes  the  M.  flexor  digitomm  longus  branch  tendon  to  digit  II  (described 
below),  and  continues  distad.  Near  the  distal  end  of  phalanx  I,  the  tendon  bifur- 
cates into  a short  elastic  medial  branch  that  inserts  deep  to  the  tendon  of  M.  flexor 
digitomm  longus,  and  a second  branch  that  inserts  lateral  to  this  latter  tendon  on 
the  ventral  margin  of  the  joint  pulley  of  phalanx  II.  There  is  no  sign  of  ossification 
in  the  tendon. 

Comparison.  — No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.  — None. 
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M.  flexor  perforans  et  perforatus  digiti  III  (FPPD3)  (Fig.  1,  2,  4,  6) 

M.  squamiger.—T\m  muscle  lies  on  the  lateral  surface  of  the  crus,  cranial  to 
Mm.  gastrocnemius  pars  lateralis  and  flexor  perforans  et  perforatus  digiti  II,  and 
caudal  to  M.  fibularis  longus.  The  proximal  portion  of  this  muscle  is  bipennate, 
and  the  distal  part  becomes  unipennate  at  approximately  the  midpoint  of  the 

belly. 

Origin.— muscle  arises  by  a short,  flat  tendon  that  spans  the  knee  joint. 
Along  its  cranial  surface  the  origin  arises  from  the  lateral  edge  of  the  tibiotarsus 
from  the  lateral  cnemial  crest.  The  origin  arises  caudad  from  the  lateral  femoral 
condyle  in  close  association  with  the  origins  of  Mm.  flexor  perforatus  digiti  II 
and  flexor  perforans  et  perforatus  digiti  II.  The  belly  gives  rise  to  a tendon  that 
runs  the  length  of  the  crus. 

Insertion.  — The  tendon  of  insertion  arises  along  the  deep,  lateral  surface  of  the 
belly  and  passes  through  the  tibial  cartilage  and  hypotarsus  to  continue  distad  in 
the  tendon  bundle  along  the  plantar  surface  of  the  tarsometatarsus.  Upon  emerging 
from  the  hypotarsus,  the  tendon  entwines  the  M.  flexor  perforatus  digiti  III  tendon, 
and  passes  superficial  from  a position  initially  deep  to  this  latter  tendon.  At  the 
distal  end  of  the  tarsometatarsus  the  tendon  once  more  becomes  deep  to  the 
tendon  of  M.  flexor  perforatus  digiti  III,  which  ensheathes  it  at  this  point.  The 
M.  flexor  perforans  et  perforatus  digiti  III  tendon  in  turn  ensheathes  the  branch 
tendon  of  M.  flexor  digitorum  longus  to  the  third  digit.  Near  the  distal  end  of  the 
first  phalanx,  these  latter  two  tendons  emerge  from  the  bifurcated  end  of  M.  flexor 
perforatus  digiti  III  and  continue  distad.  At  the  level  of  the  second  phalanx,  the 
M.  flexor  perforans  et  perforatus  digiti  III  tendon  bifurcates,  allowing  the  branch 
tendon  of  M.  flexor  digitorum  longus  to  continue  distad.  The  two  branches  of  the 
former  tendon  insert  on  the  lateral  and  medial  sides  of  the  proximoplantar  end 
of  phalanx  III.  The  tendon  is  not  ossified. 

Comparison.  — No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.— 

M.  flexor  perforatus  digiti  II 

M.  squamiger.—T\m  elongate,  spindle-shaped  muscle  lies  on  the  lateral  side 
of  the  crus  deep  to  the  distal  belly  of  M.  flexor  perforatus  digiti  IV  and  lateral  to 
M.  flexor  hallucis  longus.  The  fleshy  belly  extends  nearly  one-half  of  the  length 
of  the  crus. 

Origin.— muscle  arises  by  a short  tendon  from  the  caudal  margin  of  the 
lateral  condyle  of  the  femur,  in  close  association  with  the  tendinous  origin  of  the 
lateral  head  of  M.  flexor  hallucis  longus,  and  also  by  a short  branch  tendon  from 
the  head  of  the  fibula.  These  two  tendinous  origins  are  connected  by  a ligament 
that  extends  over  the  head  of  the  fibula  and  from  which  the  fleshy  belly  of  the 
muscle  arises.  Despite  its  outward  appearance,  there  is  no  direct  origin  from  the 
head  of  the  fibula.  The  fleshy  belly  of  this  muscle  arises  about  0.5  mm  from  the 
lateral  condyle;  its  muscle  fibers  run  in  parallel  in  the  proximal  half  of  the  belly. 

Insertion.— fibers  of  this  muscle  continue  distad  to  converge  on  a central 
tendon  that  arises  along  the  dorsal  surface  of  the  muscle.  The  tendon  passes  distad 
through  the  tibial  cartilage  and  hypotarsus  and  down  the  plantar  surface  of  the 
tarsometatarsus.  Along  its  length,  the  tendon  is  entwined  by  the  M.  flexor  perforans 
et  perforatus  digiti  II  tendon,  which,  as  they  exit  the  hypotarsus,  passes  from 
medial  to  superficial  and  then  deep  to  it  at  the  base  of  the  toes.  It  continues 
through  a canal  in  the  cartilaginous  pad  at  the  base  of  digit  II  and  inserts  on  the 
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proximomedial  comer  of  the  first  phalanx  of  digit  II.  It  is  not  perforated  here  by 
the  tendons  of  Mm.  flexor  perforans  et  perforatus  digiti  II  or  flexor  digitoram 
longus.  Neither  the  origin  nor  the  insertion  tendons  are  ossified. 

Comparison. —No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.  — A single  specimen  of  Margarornis  squamiger  (LSU  608 1 1) 
was  found  to  exhibit  unilaterally  an  anomalous  fleshy  attachment  of  the  belly  of 
this  muscle  from  the  fibular  shaft.  This  represents  a “singular”  variation. 

M.  flexor  perforatus  digiti  III  (FPD3)  (Fig.  3) 

M.  squamiger.— elongate,  spindle-shaped  muscle  lies  deep  in  the  caudal 
region  of  the  cms,  medial  and  superficial  to  the  medial  head  of  M.  flexor  hallucis 
longus. 

Origin. muscle  arises  by  a short  tendon  from  the  intercondyloid  region 
of  the  femur  in  common  with  the  medial  head  of  M.  flexor  hallucis  longus  and 
also  in  association  with  the  origin  of  the  proximal  belly  of  M,  flexor  perforatus 
digiti  IV.  The  belly  of  this  muscle  arises  at  about  the  level  of  the  iliofibularis 
tendon  and  extends  unipennate  for  most  of  the  length  of  the  cms;  its  fibers  pass 
from  the  origin  mediad  to  the  tendon  of  insertion.  A somewhat  irregular  lateral 
border  of  the  belly  of  this  muscle  over  the  midline  of  the  cms  was  found  to  arise 
from  a distolateral  expansion  of  the  muscle  over  the  underlying  belly  of  the  medial 
head  of  M.  flexor  hallucis  longus. 

Insertion.— The,  tendon  of  insertion  arises  over  the  distomedial  surface  of  the 
muscle.  The  tendon  passes  distad  through  the  tibial  cartilage  and  then  the  hy- 
potarsus,  where  it  loosely  ensheathes  the  insertion  tendon  of  M.  flexor  perforatus 
digiti  IV.  Beyond  the  hypotarsus,  the  tendon  is  joined  by  the  long  branch  tendon 
of  M.  fibularis  longus  and  continues  distad  to  the  base  of  digit  III.  Along  its  length, 
the  tendon  is  entwined  by  the  tendon  of  M.  flexor  perforans  et  perforatus  digiti 
III.  As  they  exit  the  hypotarsus,  the  former  starts  deep,  passes  superficial,  then 
again  deep  to  the  latter  tendon  at  the  base  of  the  toes.  The  tendon  bifurcates  on 
the  plantar  surface  of  the  first  phalanx,  permitting  the  passage  of  the  deeper  tendons 
of  Mm.  flexor  perforans  et  perforatus  digiti  III  and  flexor  digitomm  longus.  The 
branches  of  the  tendon  of  M.  flexor  perforatus  digiti  III  insert  on  either  side  of 
the  base  of  the  second  phalanx  and  the  cartilaginous  pad  underlying  the  joint 
between  the  first  and  second  phalanges,  superficial  to  the  former  tendons.  Neither 
the  origin  nor  the  insertion  tendons  are  ossified. 

Comparison.  —No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.  — None. 

M.  flexor  perforatus  digiti  IV  (FPD4)  (Fig.  1,2,4,  6) 

M.  squamiger.  — This  muscle  consists  of  two  entirely  separate  bellies.  Pars  prox- 
imalis  and  Pars  distalis,  on  the  lateral  side  of  the  cms.  Each  gives  rise  to  a separate 
tendon.  The  two  tendons  fuse  into  a single  common  tendon  of  insertion  at  the 
distal  end  of  the  cms. 

Pars  proximalis:  This  strap-shaped,  almost  parallel-fibered  muscle  lies  super- 
ficial to  M.  flexor  perforans  et  perforatus  digiti  III  on  the  caudal  surface  of  the 
cms  slightly  lateral  to  the  midline,  and  extends  only  one-third  of  the  length  of 
the  tibiotarsus. 

Origin.— The  muscle  arises  fleshy  from  the  intercondyloid  region  of  the  cau- 
dodistal  surface  of  the  femur  in  common  with  Mm,  flexor  perforans  et  perforatus 
digiti  III  and  flexor  hallucis  longus. 
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Insertion.— Kx  its  distal  end,  along  the  dorsolateral  surface,  the  fibers  of  this 
muscle  give  rise  to  a fine,  hairlike  tendon  that  extends  the  length  of  the  crus  into 
the  tibial  cartilage,  where  it  is  joined  by  the  tendon  of  Pars  distalis.  This  tendon 
is  not  ossified. 

Pars  distalis:  This  belly  is  located  on  the  lateral  surface  of  the  crus,  extending 
nearly  two-thirds  of  its  length.  It  is  roughly  spindle  shaped  and  becomes  unipen- 
nate  distally. 

Origin.  — The  muscle  arises  fleshy  from  the  fascial  surface  of  the  underlying  M. 
flexor  perforatus  digiti  II,  and  also  from  the  tendinous  sheet  shared  with  this 
muscle.  This  aponeurotic  sheet  arises  from  the  distolateral  surface  of  the  femur 
from  a point  just  proximal  to  the  lateral  condyle  laterad  over  the  head  of  the 
fibula  to  a point  superficial  to  the  branch  tendon  of  M.  flexor  perforans  et  perforatus 
digiti  II. 

Insertion.— Ax  its  distal  end  the  fibers  of  this  muscle  converge  on  a tendon  of 
insertion  that  extends  caudomediad  over  the  remaining  length  of  the  crus  toward 
the  tibial  cartilage,  where  it  is  joined  by  the  tendon  of  pars  proximalis.  There  is 

no  ossification. 

The  common  tendon  of  insertion  passes  through  the  tibial  cartilage  and  hy- 
potarsus,  continuing  down  to  the  lateroplantar  surface  of  the  tarsometatarsus  to 
the  base  of  digit  IV.  Here  it  ensheathes  the  branch  tendon  of  M.  flexor  digitorum 
longus  to  digit  IV,  passes  distad  on  the  plantar  surface  of  digit  IV,  and  divides 
into  two  branches.  The  smaller  branch  inserts  on  the  lateral  side  of  the  base  of 
the  second  phalanx.  The  main  branch  continues  distad,  opens  ventrally  to  allow 
passage  of  the  tendon  of  M.  flexor  digitorum  longus,  and  inserts  deep  to  the  latter 
at  the  base  of  the  third  phalanx.  No  ossification  was  found  in  the  tendon. 

Comparison.— interspecific  variation  was  found  in  this  muscle. 

Individual  variation.— 

M.  flexor  halluds  longus  (FHL)  (Fig.  9) 

M.  squamiger.  — This  large  muscle  lies  in  the  caudal  region  of  the  crus,  deep  to 
the  individual  flexor  muscles  and  superficial  to  M.  flexor  digitorum  longus.  It 
extends  for  nearly  three-fourths  of  the  length  of  the  tibiotarsus  and  is  broadly 
bipennate  in  appearance. 

Origin.— TXih  muscle  arises  by  three  separate  heads.  The  lateral  and  interme- 
diate heads  arise  via  a wide  tendon  from  the  caudolateral  surface  of  the  lateral 
femoral  condyle  in  association  with  the  origin  of  M.  flexor  perforatus  digiti  II. 
The  tendon  extends  distad,  lateral  to  the  iliofibularis  tendon.  The  medial  head 
arises  from  the  intercondyloid  region  at  the  caudodistal  end  of  the  femur.  The 
three  heads  are  discussed  separately  below. 

Lateral  head:  The  lateral  head  arises  directly  from  the  origin  tendon  discussed 
above.  Its  fleshy  belly  begins  just  proximal  to  the  level  of  the  iliofibularis  tendon 
(ca.  3 mm  from  the  lateral  condyle  of  the  femur)  and  extends  distad.  The  belly 
of  the  lateral  head  continues  distad  to  a point  approximately  three-fifths  of  the 
length  of  the  crus,  where  it  fuses  with  the  medial  head. 

Intermediate  head:  The  intermediate  head  arises  fleshy  on  the  medial  surface 
of  the  origin  tendon  of  the  lateral  head.  The  muscle  fascicles  of  this  head  pass 
distomediad  to  the  iliofibularis  insertion  to  merge  into  the  medial  head  at  about 
the  midpoint  of  the  crus,  forming  the  deep  lateral  portion  of  the  medial  head 
belly.  Some  muscle  fascicles  from  the  intercondyloid  region  of  the  femur  lateral 
to  the  origin  of  the  medial  head  may  contribute  to  this  head,  obscuring  the 
distinction  between  the  intermediate  and  medial  heads. 
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Fig.  9.— View  of  the  hallux  illustrating  the  swelling  in  the  tendon  of  M.  flexor  hallucis  longus  (FHL), 
and  also  the  three  bellies  of  M.  lumbricalis  (L)  present  in  Premnoplex  brunnescens  LSU  70631. 


Medial  head:  The  medial  head  is  the  largest  part  of  the  muscle.  It  arises  fleshy 
from  the  medial  popliteal  region  of  the  femur,  becoming  tendinous  along  its  medial 
border  in  close  association  with  the  origin  of  M.  flexor  perforatus  digiti  III.  The 
fibers  of  the  medial  head  extend  distad,  merging  with  the  intermediate  head  at 
about  the  midpoint  of  the  crus.  As  it  approaches  the  tibial  cartilage,  the  medial 
head  fuses  with  the  belly  of  the  lateral  head  to  give  the  muscle  an  overall  bipennate 
appearance. 

Insertion.  — The  tendon  of  insertion  arises  deep  within  the  belly  of  the  muscle, 
and  extends  beyond  the  belly  to  the  deep  levels  of  the  tibial  cartilage  and  hypo- 
tarsus.  It  emerges  lateral  to  the  insertion  tendon  of  M.  flexor  digitorum  longus 
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and  continues  distad  along  the  deep  plantar  surface  of  the  tarsometatarsus,  crossing 
over  the  latter  tendon  on  its  way  to  the  hallux.  There  is  no  connection  (plantar 
vinculum)  between  these  two  tendons  as  in  the  Eurylaimidae  and  Philepitta  (Phile- 
pittidae)  (Raikow,  1987:24).  At  the  end  of  the  tarsometatarsus,  the  M.  flexor 
hallucis  longus  tendon  passes  lateral  to  Metatarsal  I and  curves  around  its  trochlea. 
In  the  region  of  the  proximal  end  of  the  first  phalanx  of  the  hallux,  the  tendon 
swells  noticeably  from  both  dorsoventral  and  lateromedial  perspectives  (Fig.  9). 
This  swelling  is  somewhat  harder  and  darker  in  coloration  than  the  surrounding 
tendon,  yet  does  not  appear  to  be  mineralized.  The  tendon  then  returns  to  its 
normal  girth  and  proceeds  distad  along  the  plantar  surface  of  digit  I to  insert  at 
the  base  of  the  ungual  phalanx.  An  elastic  vinculum  arises  from  the  deep  surface 
of  the  tendon  to  insert  near  the  distal  end  of  the  first  phalanx.  The  tendon  is  not 
ossified. 

Comparison. —No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation.— Nono. 

M.  flexor  digitorum  longus  (FDL)  (Fig.  7,  8,  9) 

M.  squamiger.—T\ii^  is  the  deepest  muscle  on  the  caudal  surface  of  the  crus, 
lying  deep  to  M.  flexor  hallucis  longus.  It  is  composed  of  a single  belly  arising  by 
two  separate  heads  from  along  the  shafts  of  the  tibiotarsus  and  fibula.  The  belly 
of  this  muscle  is  large  and  broadly  bipennate,  extending  nearly  three-fourths  of 
the  length  of  the  crus. 

Origin.— T\io  muscle  arises  by  two  heads  that  converge  onto  a central  tendon 
at  a point  about  two-thirds  of  the  length  of  the  crus.  The  medial  head  arises  fleshy 
from  the  caudal  surface  of  the  head  and  adjoining  portion  of  the  shaft  of  the 
tibiotarsus,  just  lateral  to  M.  plantaris.  This  origin  is  slightly  tendinous  along  its 
medial  border.  The  slightly  smaller  lateral  head  arises  fleshy  from  the  caudal 
surface  of  the  head  and  shaft  of  the  fibula,  and  also  from  the  adjacent  caudolateral 
aspect  of  the  tibiotarsal  shaft.  The  lateral  head  extends  distad  to  join  the  medial 
head  at  about  the  midpoint  of  the  crus.  The  fibers  of  both  converge  on  a common 
tendon,  giving  a bipennate  appearance  to  the  muscle. 

Insertion.  — The  common  belly  extends  nearly  the  full  length  of  the  crus.  A wide, 
flat  tendon  of  insertion  arises  along  its  dorsal  surface  and  passes  distad  through 
the  tibial  cartilage  and  hypo  tarsus.  It  proceeds  distad  along  the  plantar  surface  of 
the  tarsometatarsus  to  emerge  from  a position  deep  to  the  M.  flexor  hallucis  longus 
tendon.  The  tendon  is  ossified  for  most  of  the  length  of  the  tarsometatarsus,  from 
its  emergence  from  the  hypotarsus  to  its  division  into  three  branches.  The  branch 
to  digit  II  passes  through  a deep  portion  of  the  cartilaginous  joint  pulley  at  the 
base  of  the  digit  and  proceeds  distad  along  the  plantar  surface  of  the  digit  to  insert 
at  the  base  of  the  ungual  phalanx.  Near  its  termination,  it  gives  rise  to  a single 
elastic  vinculum  that  inserts  on  the  plantar  surface  of  the  second  phalanx.  The 
branch  to  digit  III  inserts  on  the  base  of  the  ungual  phalanx,  on  the  plantar  surface 
of  the  distal  end  of  phalanx  III  (by  means  of  an  elastic  vinculum),  and  on  the 
cartilaginous  pad  at  the  proximal  end  of  that  phalanx  (by  an  additional,  much 
thinner,  hairlike  vinculum).  The  branch  to  digit  IV  is  ensheathed  at  the  base  of 
the  digit  by  the  tendon  of  M.  flexor  perforatus  digiti  IV.  It  then  continues  distad 
to  insert  at  the  base  of  the  ungual  phalanx,  producing  an  elastic  vinculum  to  the 
proximal  end  of  phalanx  IV.  This  pattern  of  vinculum  insertions  corresponds  to 
ABA  in  Raikow’s  (1978:25)  classification  of  FDL  insertions. 
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Comparison.  — In  Roraimia  adusta  (AMNH  7685),  an  additional  vinculum  was 
found  to  be  associated  bilaterally  with  digit  IV,  corresponding  to  ABB  in  Raikow’s 
(1978:25)  classification  of  FDL  insertions. 

Individual  variation.  — A single  specimen  of  Margarornis  squamiger  (FM  331197) 
was  found  to  exhibit  bilaterally  an  additional  vinculum  like  that  in  Roraimia 
adusta.  This  same  variation  was  also  found  in  Premnoplex  brunnescens  both 
unilaterally  (LSU  70631)  and  bilaterally  (LSU  75010).  Raikow  et  al.  (1990)  re- 
ported an  absence  of  individual  variation  in  this  pattern  in  two  oscine  species.  In 
Margarornis  rubiginosus  (LSU  64786),  the  insertion  tendon  was  unossified  bilat- 
erally. Both  of  these  are  “singular”  variations. 

Muscles  of  the  Pes 

M.  extensor  hallueis  longus 

M.  squamiger.  — This  is  a tiny  muscle  that  consists  of  two  parts,  Pars  proximalis 
and  Pars  distalis,  which  lie  on  the  dorsomedial  surface  of  the  tarsometatarsus. 

Pars  proximalis:  This  muscle  consists  of  a long,  slender  belly  that  is  parallel 
fibered  for  most  of  its  length.  It  arises  fleshy  on  the  proximomedial  surface  of  the 
dorsal  aspect  of  the  tarsometatarsus,  adjacent  to  the  insertion  of  M.  tibialis  cran- 
ialis  and  medial  to  the  insertion  tendon  of  M.  extensor  digitorum  longus.  The 
belly  passes  distad,  extending  nearly  two-thirds  of  the  length  of  the  tarsometa- 
tarsus, before  giving  rise  to  a tendon.  The  tendon  of  insertion  continues  distad, 
curving  ventrad  along  the  medial  surface  of  the  tarsometatarsus,  near  the  end  of 
which  it  passes  superficial  to  Pars  distalis  and  Metatarsal  I.  At  the  base  of  the 
hallux,  the  tendon  passes  beneath  a tiny  retinaculum  and  then  passes  distad  along 
the  dorsal  surface  of  the  proximal  phalanx  to  insert  at  the  base  of  the  ungual 
phalanx  in  association  with  an  elastic  extensor  ligament  that  passes  from  the 
proximal  to  the  ungual  phalanx. 

Pars  distalis:  This  muscle  is  tiny  and  narrowly  fan  shaped  and  lies  at  the  base 
of  Metatarsal  I of  the  hallux.  It  arises  fleshy  from  the  medial  surface  of  the 
tarsometatarsus  proximal  to  Metatarsal  I,  and  becomes  tendinous  as  it  passes 
distad.  The  belly  passes  distocaudad  under  a tiny  retinaculum  adjacent  to  the 
tendon  of  Pars  proximalis  to  insert  onto  the  joint  capsule  at  the  base  of  the  hallux. 

Comparison.  — No  interspecific  variation  was  found  in  this  muscle. 

Individual  variation. 

Discussion.— muscle  was  particularly  difficult  to  dissect  owing  to  its  ex- 
tremely small  size  and  relative  resistance  to  stain.  We  were  able  to  isolate  at  least 
one  specimen  in  each  of  the  five  species  that  had  Pars  distalis;  the  few  cases  in 
which  it  appeared  to  be  absent  were  most  likely  the  result  of  dissection  artifact. 

M.  flexor  hallueis  brevis 

This  muscle  was  absent  in  all  of  the  specimens  dissected. 

M.  abductor  digiti  IV 

This  muscle  was  absent  in  all  of  the  specimens  dissected. 

M.  lumbricalis  (LL,  LM,  LI)  (Fig.  9) 

M.  squamiger.— “muscle”  consists  of  two  entirely  separate  structures, 
apparently  composed  mostly  of  elastic  tissue,  which  arise  from  the  distal  end  of 
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the  insertion  tendon  of  M.  flexor  digitorum  longus  just  proximal  to  the  latter’s 
trifurcation.  Among  passerines,  this  “muscle,”  when  present,  normally  consists 
of  a single  belly  (George  and  Berger,  1966:483-484;  Raikow,  1976:789,  1978:25), 
which  appears  to  correspond  to  the  medial  belly  described  here. 

Lateral  belly:  This  is  a tiny  strap-shaped  structure  that  arises  on  the  ventrolateral 
surface  of  the  tendon  of  M.  flexor  digitorum  longus  at  its  distal  end,  just  before 
the  point  of  trifurcation.  It  extends  distad  to  attach  to  the  proximolateral  surface 
of  the  connective  tissue  associated  with  the  joint  pulleys  of  the  three  forward  toes, 
just  lateral  to  the  joint  pulley  associated  with  the  branch  tendon  to  the  fourth 
digit. 

Medial  belly:  This  is  a tiny  strap-shaped  structure,  similar  to  the  lateral  belly 
in  appearance,  that  arises  on  the  deep  (dorsal)  surface  of  the  M.  flexor  digitorum 
longus  tendon  at  its  distal  end,  just  before  the  point  of  trifurcation.  It  extends 
distad  between  the  branch  tendons  to  the  second  and  third  digits  to  insert  on  the 
proximomedial  surface  of  the  connective  tissue  associated  with  the  joint  pulleys 
of  these  branch  tendons.  The  medial  belly  is  somewhat  more  slender  in  appearance 
than  the  lateral  belly. 

Comparison.— In  Premnornis  guttuligera  (exceptions:  bilaterally,  LSU  83865, 
LSU  89444;  unilaterally,  LSU  89445)  and  Premnoplex  brunnescens  (exceptions: 
bilaterally,  LSU  89447;  unilaterally,  LSU  85962),  an  extremely  slender  additional 
belly  was  discovered.  This  hairlike  intermediate  belly  arises  from  a common  origin 
with  the  medial  belly  and  extends  between  the  branch  tendons  of  M.  flexor  dig- 
itorum longus  to  the  third  and  fourth  digits  to  insert  on  the  proximal  surface  of 
the  connective  tissue  associated  with  the  joint  pulleys  of  these  branch  tendons, 
in  a manner  similar  to  the  medial  belly.  This  intermediate  belly  apparently  arises 
by  appropriation  of  tissue  from  the  medial  belly,  which  appeared  somewhat  more 
slender  in  appearance,  while  the  lateral  belly  appeared  larger.  It  absence  in  several 
specimens  may  be  the  result  of  dissection  artifact.  None  of  the  other  birds  studied 
were  found  to  possess  a third  belly. 

Individual  variation. —In  Margarornis  squamiger  FM  331197,  the  lateral  belly 
was  found  unilaterally  to  extend  distomediad  underneath  the  M.  flexor  digitorum 
longus  branch  tendon  to  the  fourth  digit,  continuing  distad  to  an  insertion  point 
slightly  medial  to  that  found  in  other  specimens.  This  corresponds  to  a “singular” 
variation. 

Discussion.— Tht  tissue  composing  these  structures  absorbs  iodine  stain  less 
readily  than  do  other  muscles,  and  perhaps  in  these  species  M.  lumbricalis  consists 
more  of  connective  tissue  (perhaps  elastic  tissue)  than  of  muscle. 


Discussion 

Scansorial  adaptations.  — The  behavioral  ecology  of  treerunners  is  not  well  doc- 
umented, nonetheless  several  writers  on  the  subject  (de  Schauensee  and  Phelps, 
1978:194;  Feduccia,  1970:22-3;  Ridgely,  1976:197-8;  Wetmore,  1972:74,  77) 
agree  with  Vaurie  that  “all  the  species  of  [the]  Margarornis  [assemblage]  seem  to 
be  arboreal  and  more  or  less  scansorial”  (1980:230).  Treerunners  are  often  com- 
pared with  woodcreepers  in  their  scansorial  movements  and  their  occasional  use 
of  the  tail  as  a brace.  Although  the  members  of  the  Margarornis  assemblage  are 
considered  to  be  less  specialized  for  the  scansorial  habit  than  are  woodcreepers, 
a functional  analysis  of  the  modifications  to  muscles  noted  above  reveals  several 
as  adaptations  to  tree-climbing  behavior. 
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Stolpe’s  (1932)  functional  analysis  of  woodpeckers  (Picidae)  (reviewed  by  Bock 
and  Miller,  1959)  called  attention  to  an  important  change  in  the  role  of  gravity 
in  scansorial  forms.  In  nonscansorial  birds,  gravity  causes  flexion  of  the  leg  joints; 
but  in  vertical  climbing  scansorial  forms,  gravity  assists  the  extension  of  the  joints. 
Stolpe  (1932)  resolved  the  force  of  gravity,  acting  vertically  through  the  bird's 
center  of  gravity,  into  two  components.  One  acts  downward  and  inward  through 
the  axis  of  the  tail,  which  acts  as  a brace  against  the  tree  trunk.  A second  is  directed 
downward  and  outward,  and  tends  to  pull  the  bird  away  from  the  trunk.  In  a tail- 
supported  bird,  these  forces  combine  to  place  the  burden  of  supporting  the  weight 
of  the  bird  on  the  forward  toes,  while  diminishing  the  importance  of  flexing  the 
hallux.  Winkler  and  Bock  (1976)  revised  the  force  analysis,  but  this  does  not 
modify  the  prediction  that  with  the  adoption  of  scansoriality,  flexor  muscles  in 
the  leg  should  become  better  developed,  while  extensors  of  the  leg  and  flexors  of 
the  hallux  might  undergo  reduction. 

The  above  analysis  specifically  suggests  that  treerunners  should  exhibit  modi- 
fications that  strengthen  flexion  of  the  leg  elements.  M.  iliotibialis  cranialis  is 
thought  to  flex  the  femur  and  extend  the  crus  as  a two-joint  muscle  (Raikow, 
1985:104).  Its  insertion  onto  the  surface  of  M.  femorotibialis  intemus  in  many 
Fumariids  and  other  passerines  is  thought  to  augment  its  role  in  flexing  the  femur 
(Raikow,  personal  communication).  This  is  the  condition  in  treerunners  (Fig.  3). 
The  presence  of  a similar  insertion  onto  M.  femorotibialis  intemus  in  other 
scansorial  birds  (e.g.,  Certhia  americana  (Raikow,  personal  communication))  and 
many  woodpeckers  (Swierczewski,  1977:18)  supports  the  adaptive  interpretation 
of  this  variation  for  scansorial  behavior.  The  presence  of  this  insertion  in  some 
nonscansorial  arboreal  fumariines  (Raikow,  personal  communication)  suggests 
that  this  character  is  not  an  adaptation  to  scansoriality  per  se,  however,  but  may 
be  a modification  for  the  agile  movements  associated  with  arboreal  birds  in 
general. 

Other  character  states  found  in  this  study  may  be  interpreted  as  adaptations 
for  flexion  of  the  tibiotarsus.  This  is  brought  about  primarily  by  Mm.  iliofibularis, 
flexor  craris  lateralis,  and  flexor  cruris  medialis.  M.  iliofibularis  did  not  vary 
significantly  from  its  condition  in  nonscansorial  ovenbirds,  so  in  treeranners  it 
shows  no  adaptation  to  scansorial  life. 

M.  flexor  craris  lateralis  in  the  Dendrocolaptinae  and  some  Fumariinae  (Rai- 
kow, personal  communication)  exhibits  a partial  functional  change  from  extending 
the  femur  to  flexing  the  eras.  This  results  from  a partial  shift  in  the  effective 
insertion  of  Pars  pelvica  from  the  femur  (via  Pars  accessoria)  to  the  crus  (via 
Tendon  M),  as  shown  by  the  relative  size  of  the  tibial  lobe  on  Pars  pelvica,  the 
fibers  of  which  end  in  Tendon  M,  Raikow  (personal  communication)  distinguishes 
primitive  and  derived  states  for  this  muscle.  The  latter  is  found  among  most 
dendrocolaptines  and  some  fumariines.  The  origin  of  Tendon  M entirely  from 
the  tibial  lobe  in  Premnopiex  brunnescens  and  Premnornis  guttuiigera  (Fig.  8) 
probably  reflects  this  trend,  suggesting  convergent  evolution  for  this  character 
state.  Raikow  (personal  communication)  found  that  nonscansorial  ovenbirds  like 
Geositta  have  the  primitive  arrangement,  while  others  (Leptasthenura,  Synallaxis, 
and  Certhiaxis)  have  a more  derived  arrangement.  The  strength  of  this  trend  in 
dendrocolaptines  argues  for  its  adaptive  value  in  flexing  the  tibiotarsus.  As  with 
M.  iliotibialis  cranialis,  this  change  may  be  useful  to  agile  forms  generally  and  to 
scansorial  types  in  particular. 

The  modestly  increased  origin  of  M.  flexor  cruris  medialis  (Fig.  5)  may  slightly 
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enhance  its  function  as  a flexor  of  the  tibio tarsus.  In  that  case  it  would  represent 
an  adaptation  for  scansoriality. 

Flexion  of  the  tarsometatarsus  is  brought  about  primarily  by  the  action  of  M. 
tibialis  cranialis.  Since  this  muscle  is  no  different  in  treerunners  than  in  nonscan- 
sorial  forms,  it  cannot  be  argued  to  be  specially  adapted  for  scansorial  life. 

Some  of  the  character  states  described  above  may  be  adaptations  for  flexion  of 
the  digits.  This  movement  is  brought  about  by  Mm.  flexor  perforans  et  perforatus 
digiti  II,  flexor  perforatus  digiti  II,  flexor  perforans  et  perforatus  digiti  III,  flexor 
perforatus  digiti  III,  flexor  perforatus  digiti  IV,  flexor  digitorum  longus,  and  flexor 
hallucis  longus.  These  muscles  show  little  evidence  of  specialization  for  increased 
strength  of  digital  flexion.  The  expanded  origin  of  M.  flexor  perforans  et  perforatus 
digiti  II  may  aid  in  the  flexion  of  the  second  digit.  Likewise  an  additional  belly 
of  M.  lumbricalis  might  be  interpreted  as  aiding  in  flexion  of  the  forward  toes 
through  its  role  in  maintaining  the  positions  of  the  joint  pulleys,  but  any  such 
effect  would  be  minimal  given  the  feeble  nature  of  the  muscle. 

In  the  other  flexors  of  the  forward  toes,  the  situation  is  even  less  clear.  Mm. 
flexor  perforatus  digiti  II  and  flexor  perforatus  digiti  III  did  not  differ  significantly 
from  other  passerine  birds,  nor  did  M.  flexor  digitorum  longus  have  the  femoral 
head  found  in  woodcreepers  (Raikow,  personal  communication).  M.  flexor  per- 
foratus digiti  IV  in  treerunners  does  vary  significantly  from  its  condition  in  other 
passerines,  yet  paradoxically  the  reduction  of  Pars  proximalis  prima  facie  would 
appear  to  weaken  rather  than  strengthen  flexion  in  this  digit.  The  ossification  of 
most  of  the  crural  tendons  found  in  dendrocolaptines  (Raikow,  personal  com- 
munication) may  be  an  adaptation  to  scansorial  life,  but  is  absent  in  treerunners. 

In  summary,  of  several  muscle  variations  found  in  treerunners,  four  were  found 
to  be  possible  products  of  adaptation  to  scansorial  life:  (1)  the  insertion  of  M. 
iliotibialis  cranialis  onto  M.  femoro tibialis  intemus,  (2)  the  extended  origin  of  M. 
flexor  cruris  medialis,  (3)  the  expanded  origin  of  M.  flexor  perforans  et  perforatus 
digiti  II,  and  (4)  the  second  belly  in  M.  lumbricalis.  Altogether,  the  hindlimb 
muscles  of  the  treerunners  are  much  less  highly  specialized  for  scansorial  behavior 
than  are  those  of  the  woodcreepers  (Raikow,  personal  communication). 

Individual  Raikow  et  al.  (1990)  found  individual  variation  in  the 

hindlimb  musculature  of  several  passerines  to  be  relatively  infrequent  and  con- 
centrated in  a few  muscles.  Their  classification  of  variation  is  reviewed  above 
under  Materials  and  Methods. 

The  significant  variations  found  in  the  present  study  are  summarized  in  Table 
1.  No  “incongruous”  or  “explosive”  variations  were  found.  In  addition  to  nu- 
merous “minor”  variations,  five  different  “singular”  variations  and  two  “mim- 
icking” variations  were  found.  Of  620  muscles  dissected,  only  24  (3.9%  of  the 
total)  were  found  to  vary  significantly.  This  is  similar  to  the  results  of  Raikow  et 
al.  (1990).  Most  of  these  variations  occurred  unilaterally,  which  corroborates  the 
suggestion  by  Raikow  et  al.  (1990)  of  the  importance  of  bilateral  dissection  to 
prevent  misinterpreting  such  variants  as  diagnostic  characters  in  phylogenetic 
studies. 

Passerine  wo«qp/iy/y.— Raikow  (1982)  found  three  hindlimb  muscle  states  to 
be  synapomorphic  for  the  Passeriformes.  Most  passerines  exhibit  the  Type  VII 
arrangement  of  the  deep  plantar  tendons,  in  which  M.  flexor  digitorum  longus 
supplies  digits  II,  III,  and  IV;  M.  flexor  hallucis  longus  supplies  the  hallux;  and 
the  tendons  of  these  muscles  are  not  connected  by  a vinculum  (Raikow,  1985: 
125).  The  only  exceptions  are  the  broadbills  (Eurylaimidae)  and  Philepitta  (Phile- 
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pittidae),  which  possess  a vinculum  between  these  tendons,  and  are  thus  Type  I 
(Raikow,  1987:24).  If  this  is  taken  to  be  a derived  state,  (Raikow,  1987:32-33), 
then  the  Type  VII  arrangement  of  the  plantar  tendons  is  a synapomorphy  of  the 
Passeriformes.  All  specimens  of  the  Margarornis  assemblage  had  a Type  VII 
arrangement. 

Raikow  (1982:440)  confirmed  that  the  two  bellies  of  M.  pubo-ischio-femoralis 
in  passerines,  Pars  cranialis  and  Pars  caudalis,  are  arranged  in  a cranial-caudal 
orientation  with  slight  overlap.  This  contrasts  with  the  condition  in  nonpasserines, 
where  the  muscle  is  divided  into  superficial  (Pars  lateralis)  and  deep  (Pars  medialis) 
portions.  Again,  all  treerunners  exhibited  the  typical  passerine  arrangement. 

Finally,  passerines  are  characterized  by  the  loss  of  most  of  the  intrinsic  muscles 
of  the  second,  third,  and  fourth  toes  in  contrast  to  nonpasserines  (Raikow,  1982: 
440-441).  These  muscles  were  likewise  absent  in  the  treerunners. 

In  summary,  all  three  of  the  derived  hindlimb  myological  character  states 
suggested  by  Raikow  (1982)  to  be  synapomorphies  of  the  passeriform  clade  were 
found  to  be  present  in  the  birds  of  this  study,  further  corroborating  their  use  as 
characters  diagnostic  of  the  order. 

Conclusions 

The  treerunners  have  a few  specializations  for  scansorial  behavior  in  the  flexor 
muscles  of  the  thigh  and  crus,  and  possibly  one  in  a digital  flexor.  In  general, 
however,  their  hindlimb  muscles  are  not  as  highly  specialized  for  trunk  climbing 
as  are  those  of  the  woodcreepers.  Individual  variation  in  treerunner  hindlimb 
muscles  is  of  low  frequency,  and  comparable  to  that  in  other  passerines  studied. 
Three  treerunner  hindlimb  muscle  conditions  corroborate  the  monophyly  of  the 
Order  Passeriformes. 
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Abstract 

An  annotated  checklist  of  the  species  of  bats  occurring  in  the  Argentine  Chaco  is  provided,  as  well 
as  an  analysis  of  their  distribution  in  three  clearly  differentiated  areas:  the  Western,  the  Eastern,  and 
the  Central  Chaco.  The  Western  and  Eastern  Chaco  have  the  largest  number  of  species  with  3 1 each, 
while  the  Central  Chaco  has  only  14  species.  This  difference  in  richness  is  related  to  contact  of  the 
Chaco  with  humid  and  transitional  habitats  adjacent  to  the  western  and  eastern  subregions.  We  also 
give  a comparison  with  the  bat  faunas  of  the  Chaco  of  Paraguay  and  Bolivia,  as  well  as  general 
comments  about  taxonomy,  feeding  guilds,  abundance,  and  reproduction. 

Resumen 

En  este  trabajo  se  ofrece  la  lista  de  especies  que  habitan  el  Chaco  argentine,  analizada  desde  un 
punto  de  vista  biogeografico,  en  el  contexto  de  tres  regiones  claramente  definidas:  Occidental,  Central 
y Oriental.  Asimismo,  se  presenta  una  comparacion  con  las  areas  chaquenas  de  Paraguay  y Bolivia. 
Actualmente  el  Chaco  argentino  contiene  43  especies  de  murcielagos,  lo  que  representa  un  86%  de 
las  especies  que  habitan  todo  el  ecosistema.  Las  porciones  oriental  y occidental  soportan  cada  una  un 
total  de  31  especies  mientras  que  solo  14  se  encuentran  en  la  region  central.  Este  patron  de  riqueza 
de  especies  tiene  estrecha  relacion  con  los  bosques  humedos  del  este  y del  oeste.  Se  mencionan,  ademas, 
los  gremios  alimenticios  y la  abundancia  relativa  de  todas  las  especies  y comentarios  taxonomicos  y 
reproductivos  de  la  mayoria  de  ellas. 


Introduction 

Myers  and  Wetzel  (1983)  recently  clarified  knowledge  of  the  taxonomy  and 
distribution  of  Chacoan  bats.  Information  about  the  species  from  the  Argentine 
Chaco  is  lacking,  consequently  preventing  a better  analysis  of  the  taxonomy  and 
biogeography  of  bats  in  the  whole  region. 

Barquez  (1987)  summarized  data  concerning  the  identity  and  distribution  of 
Argentine  bats,  and  noted  that  the  Argentine  Chaco  has  the  highest  number  of 
species  compared  to  any  other  phytogeographical  province  in  the  country.  None- 
theless, the  Chaco  is  a poorly  sampled  region,  with  most  of  the  sample  localities 
occurring  close  to  the  Yungas  forests  in  the  northwest  and  the  Paranaense  Phy- 
togeographic Province  in  the  northeastern  part  of  the  country. 

More  extensive  sampling  of  localities  from  throughout  the  Argentine  Chaco, 
together  with  a review  of  the  published  records  and  examination  of  specimens  in 
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systematic  collections,  has  permitted  us  to  make  a more  detailed  zoogeographic 
analysis  of  Chacoan  bats. 

In  this  paper,  we  present  an  annotated  checklist  of  distributional  records  for 
all  known  species  of  bats  occurring  in  the  Argentine  Chaco,  and  provide  a dis- 
cussion of  the  zoogeographic  relationships  between  different  areas  within  the 
Chaco. 


Materials  and  Methods 

This  study  was  based  on  literature  records,  on  specimens  deposited  in  systematic  collections,  and 
on  specimens  obtained  during  field  trips  in  the  Chaco.  Specimens  examined  are  deposited  in  the 
following  collections:  AMNH,  American  Museum  of  Natural  History,  New  York;  BMNH,  Natural 
History  Museum,  London;  CEM,  Coleccion  Elio  Massoia  y Familia,  Buenos  Aires;  CM,  Carnegie 
Museum  of  Natural  History,  Pittsburgh;  CML,  Coleccion  Mamiferos  Lillo,  Universidad  Nacional  de 
Tucuman;  FCM,  Facultad  de  Ciencias  Exactas  y Naturales,  Universidad  Nacional  de  Buenos  Aires; 
lADIZA,  Institute  Argentine  de  Investigaciones  de  Zonas  Aridas,  Mendoza;  MACN,  Museo  Argentine 
de  Ciencias  Naturales,  Buenos  Aires;  MFA,  Museo  Florentine  Ameghino,  Santa  Fe;  MLP,  Museo  de 
La  Plata,  Buenos  Aires;  MSB,  Museum  of  Southwestern  Biology,  University  of  New  Mexico,  Albu- 
querque; OU,  Oklahoma  Museum  of  Natural  History,  University  of  Oklahoma,  Norman;  ROM, 
Royal  Ontario  Museum,  Toronto;  SSC,  The  Vertebrate  Museum,  Shippensburg  University  of  Penn- 
sylvania, Shippensburg;  TCWC,  Texas  Cooperative  Wildlife  Collection,  Texas  A & M University, 
College  Station;  TTU,  The  Museum,  Texas  Tech  University,  Lubbock;  USNM,  National  Museum  of 
Natural  History,  Smithsonian  Institution,  Washington,  D.C. 

One  hundred  forty-four  localities  are  included  on  the  map  (Fig.  1),  whereas  12  others  could  not  be 
located.  All  localities  are  listed  alphabetically  in  Appendix  1 , with  Province  and  Department  indicated 
parenthetically.  Geographic  coordinates  are  given  for  localities  that  were  sufficiently  documented  on 
specimen  tags,  in  the  literature,  or  from  other  sources. 

The  Argentine  Chacoan  Phytogeographic  Province  is  an  extensive  sedimentary  plain  extending  over 
northern  and  central  Argentina  (Cabrera,  1976).  The  Chaco  is  a mosaic  of  thom-scrub  woodlands, 
grasslands,  cacti,  palms,  and  terrestrial  bromeliads.  The  organization  of  this  mosaic  is  determined 
mainly  by  complex  interactions  between  climatic  factors  (i.e.,  precipitation)  and  soil  conditions. 
Reddish  alluvial  soils  dominate  in  the  Chaco.  These  are  heavy  textured  and  poor  in  organic  matter. 
Surface  pH  values  range  from  6.8  to  7.8  in  an  east-west  gradient  where  salinity  is  high.  Soils  are  deep 
with  abundant  primary  minerals  and  soluble  salts.  Extensive  salt  pans  (“Salinas”)  occurring  in  areas 
of  poor  drainage  are  a distinctive  feature  of  the  western  Chacoan  landscape.  As  a result  of  an  east- 
west  gradient  of  decreasing  precipitation,  the  Chaco  can  be  divided  into  three  subregions:  the  Western 
Chaco,  the  Central  or  Semihumid  Chaco,  and  the  Eastern  or  Humid  Chaco  (Bucher,  1982;  Cabrera 
and  Willink,  1973;  Morello  and  Adamoli,  1968).  In  this  study,  Chaco  Serrano  is  included  in  the 
western  subregion,  whereas  the  Chaco  Austral  is  included  as  part  of  the  eastern  subregion.  The 
vegetation  of  the  Chaco  has  been  well  studied  and  thoroughly  reviewed  (Adamoli  et  al.,  1972;  FAO/ 
PNUMA,  1985;  Hueck,  1966;  Morello  and  Adamoli,  1974;  Ragonese  and  Castiglioni,  1970).  We 
present  here  more  detailed  descriptions  of  the  three  Chacoan  subregions. 

The  Western  Chaco 

The  Western  Chaco  occurs  in  the  semiarid  extreme  of  the  precipitation  gradient.  The  annual  rainfall 
of  the  Western  Chaco  shows  marked  fluctuations.  On  the  eastern  side,  where  it  makes  contact  with 
the  central  subregion,  the  average  annual  rainfall  is  700  mm.  On  the  western  margin,  annual  rainfall 
varies  between  450  and  550  mm.  The  Chaco  Serrano  has  an  annual  precipitation  of  700  to  800  mm. 
Absolute  summer  temperatures  rise  above  48.9®C,  whereas  absolute  winter  temperatures  reach  -8°C 
(Prohaska,  1959). 

Vegetation  in  the  Western  Chaco  is  characteristically  tall,  xerophyllous  open  forest  (between  12  to 
1 8 m),  with  dominant  trees  such  as  Schinopsis  quebracho-colorado,  Aspidosperma  quebracho-bianco, 
Caesalpinia  paraquariensis,  Cercidium  australe,  Bulnesia  sarmientoi,  and  Chorisia  insignis.  Other 
important  vegetational  elements  are  cacti,  such  as  Opuntia  quimilo  and  Cereus  coryne,  grasses  (Setaria, 
Chloris  and  Trichloris),  and  terrestrial  bromeliads  {Bromelia  hieronymi  and  Deinecanthon  urbania- 
num),  and  in  “salares,”  Allenrolfea  patagonica  and  Heterostrachis  ritteriana  are  dominant.  In  the 
Chaco  Serrano  trees  reach  8 to  1 0 m in  height.  Dominant  tree  species  include  Schinopsis  haenckeana, 
Fagara  coco,  Acacia  caven,  and  Jodina  rombifolia.  Shrubs  such  as  Atamisquea  emarginata  are  dis- 
tributed in  a patchy  fashion  among  grasses  and  cacti.  Montane  grasslands  of  Festuca  and  Stipa  are 
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Fig.  1.— Argentine  Chaco  (solid  line)  and  localities  mentioned  in  the  gazetteer  of  localities.  Provinces 
are  delimited  by  dashed  lines  and  countries  by  dash  and  dot  lines. 


242 


Annals  of  Carnegie  Museum 


VOL.  61 


found  above  1500  m altitude.  The  palm  Trithinax  campestris  is  also  a distinctive  element  of  this  part 
of  the  Chaco. 


The  Central  Chaco 

This  is  a transitional  area  sometimes  referred  to  as  parkland-savanna  (Morello  and  Adamoli,  1968; 
Morello  and  Hortt,  1985),  with  annual  precipitation  between  700  and  900  mm.  The  Central  Chaco 
is  a mosaic  of  trees  and  grasslands.  The  dominant  trees  are  Schinopsis  balansae,  S.  quebracho-color  ado, 
Aspidosperma  quebracho-bianco,  and  the  aphyllous  Prosopis  kuntzei.  Among  grasses,  the  genera  Spar- 
tina  and  Elionurus  are  dominant. 


The  Eastern  Chaco 

This  is  the  humid  extreme  of  the  gradient,  with  an  annual  precipitation  between  900  and  1200  mm. 
The  landscape  is  a mosaic  of  xerophyllous  forests  intermixed  with  savannas,  swamps,  gallery  forests, 
and  palms.  Dominant  trees  reach  between  22  and  25  m,  and  are  represented  by  Schinopsis  balansae, 
Aspidosperma  quebracho-bianco,  Astronium  balansae,  Ruprechtia  laxiflora,  and  Tabebuia  ipe.  Shrubs 
(Prosopis,  Acacia,  Aloysia,  and  Capparis)  and  grasses  (Leptochloa,  Melica,  and  Paspalum)  are  common. 
Palm-savanna  forests  occupy  large  flooded  areas  and  alkaline  soils  of  this  eastern  subregion.  In  these 
forests,  the  dominant  element  is  the  palm  Copernica  australis,  with  trees  and  shrubs  such  as  Prosopis 
flexuosa,  Celtis  tala,  and  Acacia  caven,  as  well  as  epiphytes  (Tillandsia),  also  present.  In  gallery  forests, 
the  dominant  trees  are  Salix  humboldtiana  and  Tessaria  integrifolia. 

The  landscape  of  the  Chaco  Austral  is  dominated  mainly  by  savannas  comprising  grasses  such  as 
Elionurus  muticus,  Leptochloa  choloridiformis,  and  Spartina  argentinensis. 


Species  Accounts 

Families  and  genera  are  arranged  phylogenetically,  whereas  species  are  ordered 
alphabetically  within  genera.  Systematic  arrangement  of  the  Family  Phyllostom- 
idae  follows  Baker  et  al.  (1989).  Localities  reported  in  the  literature  and  those 
obtained  from  museum  specimens  are  given  under  “Distributional  Records.” 
General  systematic  and  ecological  information  is  provided  under  “Comments.” 

Family  Noctilionidae 
Noctilio  albiventris  Desmarest,  1818, 

Distributional  records.— CORRIENTES:  Corrientes  (ROM);  CHACO:  Resis- 
tencia  (Fomes  and  Massoia,  1968;  CML);  FORMOSA:  Clorinda  (Davis,  1976); 
SANTA  FE:  Romang,  Isla  el  Laurel  (Crespo,  1974;  MACN). 

Comments.— The  distribution  of  this  species  is  not  known  to  include  north- 
western Argentina.  According  to  Cabrera  (1938),  specimens  of  N.  leporinus  from 
the  province  of  Salta  described  by  Burmeister  (1879)  should  be  N.  albiventris. 
However,  no  specimens  of  N.  albiventris  from  northwestern  Argentina  have  been 
found  in  the  systematic  collections  studied. 

Specimens  from  El  Beni,  Bolivia  (Myers  and  Wetzel,  1983),  are  smaller  than 
those  from  Resistencia,  Chaco  (n  = 1)  and  Romang,  Santa  Fe  (n  ^ 9).  Measure- 
ments of  the  Chacoan  specimens  are  similar  to  those  of  N.  a.  affinis  from  the 
upper  Amazon  drainage,  and  not  to  those  of  N.  a.  cabrerai,  the  subspecies  to 
which  they  should  belong  according  to  geographic  distribution.  Other  authors 
have  reported  problems  identifying  specimens  to  subspecific  level  (Ibanez  Ulargui, 
1981;  Myers  and  Wetzel,  1983),  suggesting  a more  complicated  pattern  of  vari- 
ation than  that  proposed  by  Davis  (1976).  This  species  is  common  in  the  eastern 
portion  of  the  Argentine  Chaco. 

Noctilio  leporinus  (Linnaeus,  1758) 

Distributional  records.— CORRIENTES:  Corrientes  (Davis,  1973);  CHACO: 
Puerto  Bermejo  (observed);  Resistencia  (Cabrera,  1938);  FORMOSA:  Clorinda 
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(MACN);  El  Colorado  (Massoia,  1970);  Estancia  Las  Mercedes  (TCWC);  Estan- 
islao  del  Campo  (Davis,  1973);  Laguna  Blanca  (Massoia,  1970);  Pozo  del  Tigre 
(Davis,  1973);  Puerto  Pilcomayo  (TCWC);  JUJUY:  Santa  Clara  (Yepes,  1944); 
SALTA:  Hickman  (Villa  and  Villa,  1971);  SANTA  FE:  Horencia  (Cabrera,  1938); 
SANTIAGO  DEL  ESTERO:  Banado  de  Figueroa  (CML). 

Comments.— A\X\\ou^  this  is  a widely  distributed  species  in  the  Argentine 
Chaco,  it  seems  to  be  less  abundant  in  the  western  part  of  the  region.  We  have 
seen  several  individuals  flying  over  the  Rio  Bermejo  in  Puerto  Bermejo,  Chaco 
Province. 


Family  Phyllostomidae 

Subfamily  Desmodontinae 
Desmodus  rotundus  {GtoEvoy,  1810) 

Distributional  records.— CR AGO:  Colonia  Benitez  (Villa  and  Villa,  1971);  Rio 
de  Oro,  General  Vedia  (FCM);  CORDOBA:  Aguas  de  Ramon;  Cordoba;  Chacra 
la  Merced;  El  Tuscal;  La  Argentina;  La  Bismutina;  La  Higuera;  La  Poblacion;  La 
Pochita;  Las  Chacras;  Mina  San  Ignacio;  Nino  Dios;  Ojo  de  Agua;  Palo  Seco; 
Rayo  Cortado,  Cerro  Colorado;  Rio  Ceballos;  Rio  Hondo,  Cruz  del  Eje;  San  Isidro; 
San  Juan;  Tabaquillo,  15  km  E Cruz  del  Eje  (Villa  and  Villa,  1971);  Los  Hoyos 
(MACN);  Los  Molles  (MACN);  CORRIENTES:  Corrientes  (Fomes  and  Massoia, 
1967);  Goya  (BMNH);  FORMOSA:  Colonia  km  503  (MACN);  Departamento 
Patino  (MACN);  Estancia  Las  Mercedes  (MACN);  Las  Lomitas  (MACN);  Pozo 
del  Tigre  (MACN);  LA  RIOJA:  El  Barreal  (CML);  La  Rioja  (MACN);  SALTA: 
El  Porvenir  (ROM);  Guemes  (MACN);  Las  Lajitas  (MACN);  Santa  Rosa  (CML); 
Santa  Victoria  Este  (MACN);  SANTIAGO  DEL  ESTERO:  Arenales,  15  km  E 
Piedrabuena  (TTU);  Banado  de  Figueroa  (CML);  Chafiar  Pozo  (Lord  et  al.,  1976); 
Huyamampa  (CML);  El  Rincon  (MACN);  La  Libertad  (MACN);  Villa  Mercedes 
(MACN);  SAN  LUIS:  Lujan,  Quines  (Villa  and  Villa,  1971);  TUCUMAN:  El 
Cadillal  (CML). 

Comments.— This  species  is  widely  distributed  throughout  the  Chaco,  even 
though  records  are  scarce  for  some  areas. 

Diaemus  youngii  1893) 

Distributional  records.— JUICY:  Agua  Salada,  15  km  SW  Agua  Caliente  (Bar- 
quez, 1984). 

Comments.— species  was  not  previously  recorded  from  the  Chaco.  The 
locality  Agua  Salada  is  near  the  transitional  forests  of  northwestern  Argentina. 

Subfamily  Vampyrinae 
Chrotopterus  auritus  (Peters,  1856) 

Distributional  records.— CUACO:  Colonia  Benitez;  Rio  Guaycuru  (Cabrera, 
1938);  FORMOSA:  Puerto  Velaz  (Cabrera,  1938);  JUJUY:  Palma  Sola  (ROM); 
SALTA:  Rio  Mojotoro,  5 km  N Salta  (Villa  and  Villa,  1971). 

Comments.— is  a forest  bat,  the  range  of  which  extends  into  the  north- 
eastern portion  of  the  Argentine  Chaco  along  gallery  forests  of  the  main  rivers. 
It  also  inhabits  the  Chaco  Boreal.  However,  Chacoan  localities  in  northwestern 
Argentina  are  close  to  the  limits  of  the  transitional  forests,  where  the  species  is 
more  abundant.  It  has  not  been  reported  from  the  Central  Chaco  in  Argentina. 

Reproductive  activity  was  reported  for  specimens  captured  in  Salta  Province 
in  the  months  of  October,  November  (Barquez,  1987),  and  the  end  of  July  (Villa 
and  Villa,  1969). 
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Subfamily  Phyllostominae 

Tribe  Phyllostomini 
Tonatia  bidens  (Spix,  1823) 

Distributional  records.  — JUJUY : Palma  Sola  (Pomes  et  al,  1 967;  TCWC;  ROM). 

Comments.— Sola  is  located  close  to  Chacoan  habitat,  but  is  also  close 
to  transitional  forests,  where  the  only  other  known  locality  for  this  species  is  in 
northwestern  Argentina  (Laguna  La  Brea,  Jujuy  Province).  The  occurrence  of 
Tonatia  bidens  in  the  Chaco  is  probably  only  occasional.  Assignment  of  the 
Argentine  specimens  to  T.  bidens,  instead  of  to  T.  silvicola,  follows  Barquez  (1987, 
1988). 

Myers  and  Wetzel  (1983)  reported  insect  chitin  and  a large  quantity  of  un- 
identified whitish  pulp  in  the  stomach  of  a specimen  from  the  Chaco  Boreal  of 
Paraguay,  but  Barquez  (1988)  captured  a specimen  with  the  stomach  completely 
full  of  down  feathers,  suggesting  camivory.  This  specimen  was  captured  in  June 
and  was  a male  with  scrotal  testes. 

Tribe  Glossophagini 
Glossophaga  soricina  (Pallas,  1766) 

Distributional  records.— Isla  del  Cerrito  (Pomes  and  Massoia,  1967). 

Comments.  — Isla  del  Cerrito  has  vegetation  typical  of  gallery  forests.  Localities 
in  the  Chaco  Boreal  (Myers  and  Wetzel,  1983)  are  associated  with  mesic  zones 
along  the  Paraguay  River.  Podtiaguin’s  (1944)  report  of  this  species  from  Resis- 
tencia,  Chaco  Province,  is  not  documented  clearly. 

Tribe  Stenodermatini 
Carollia  perspicillata  (Linnaeus,  1758) 

Distributional  records.— CYiKCO:  Puerto  Bermejo;  Resistencia;  PORMOSA: 
Clorinda  (Podtiaguin,  1944). 

Comments.— ThQ  above-mentioned  localities  are  not  clearly  documented;  no 
other  mention  of  the  distribution  of  this  species  in  the  Argentine  Chaco  exists. 

Sturnira  erythromos  (Tschudi,  1844) 

Distributional  records.— ^ ALT K:  Rosario  de  la  Prontera  (TTU);  TUCUMAN: 
Ticucho,  3 km  W (Barquez,  1987). 

Comments.  — This  is  a common  forest  bat  in  northwestern  Argentina.  The  Cha- 
coan localities  in  Tucuman  and  Salta  provinces  are  close  to  Yungas  forests.  In 
the  middle  of  June,  young  specimens  were  captured  at  Laguna  La  Brea,  Jujuy,  in 
transitional  forest  bordering  the  Western  Chaco  subregion. 

Sturnira  lilium  (Geoffroy,  1810) 

Distributional  records.— CVLACO:  Resistencia  (ROM);  PORMOSA:  Clorinda 
(TTU);  Estancia  Las  Mercedes  (TTU);  Estero  de  los  Patos  (TTU);  Rio  Porteno,  5 
km  S of  Estancia  Santa  Catalina  (CML);  SALTA:  Aguaray  (MACN);  Metan 
(BMNH);  Tonono,  1 km  W (CML);  TUCUMAN:  Agua  Colorada  (MACN);  El 
Cadillal  (OU). 

Comments.— In  northern  Argentina  this  species  is  mainly  restricted  to  forests. 
It  is  rare  in  the  central  Chaco,  but  can  be  found  in  western  and  eastern  portions 
in  gallery  forests.  Its  presence  in  the  Chaco  probably  is  related  to  fruit  availability, 
as  fmits  are  occasionally  rare  in  the  forests  during  the  dry  season.  In  August,  the 
forests  of  the  northwest  are  relatively  dry  and  fmits  are  scarce.  However,  marginal 
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areas  of  the  Chaco  contain  gallery  forests  which  have  fruits  of  Solanum,  which 
are  eaten  by  this  bat.  We  captured  3 1 specimens  of  S.  lilium  in  one  night  of  mist 
netting  (1  km  W Tonono,  Salta  Province),  while  at  the  same  time  no  specimens 
were  captured  at  the  closest  localities,  about  20  km  away,  in  the  Yungas  forests. 
The  occurrence  of  this  species  in  the  Chaco  represents  only  a temporal  situation, 
resulting  from  limited  food  resources  in  their  usual  habitats. 

Vampyrops  lineatus  (Geoffroy,  1810) 

Distributional  records.  —CORRIENTES:  Laguna  Paiva  (Barquez,  1987);  CHA- 
CO: Resistencia  (Pomes  and  Massoia,  1966;  CML;  MACN). 

Comments.— ThQ  occurrence  of  this  species  in  the  Chaco  is  documented  only 
from  the  two  above-mentioned  localities  in  Argentina  and  one  in  Bolivia  (An- 
derson et  al.,  1982).  Myers  and  Wetzel  (1983)  considered  this  species  a common 
resident  of  the  forests  of  eastern  Paraguay. 

Artibeus  fimbriatus  Gray,  1838 

Distributional  records.— C^ACO:  General  Vedia  (MACN). 

Comments.  — Because  the  identity  of  this  species  was  not  clear  until  the  reviews 
of  Myers  and  Wetzel  (1983)  and  Handley  (1989),  its  distribution  is  not  well 
documented.  Barquez  (1987)  reported  this  species  in  Argentina  from  three  lo- 
calities, two  in  the  forests  of  Misiones  and  a third  in  the  Chaco.  This  last  locality 
is  apparently  the  only  one  definitively  known  in  the  Chaco.  Myers  and  Wetzel 
(1979,  1983)  reported  specimens  from  eastern  Paraguay.  Measurements  and  other 
diagnostic  characters  reported  for  the  Paraguayan  specimens  are  concordant  with 
those  of  the  Argentine  specimens.  In  particular,  the  eye  stripes  are  weakly  de- 
veloped or  absent,  the  rostral  shield  is  moderately  to  weakly  developed,  and  a 
third  upper  molar  is  present. 

Artibeus  lituratus  (Olfers,  1818) 

Distributional  records.  — FORMOSA:  Bouvier  (ROM,  not  examined). 

Comments.  — The  specimen  at  the  ROM  is  the  only  known  record  for  this  species 
in  the  Argentine  Chaco.  Artibeus  lituratus  is  a common  species  in  the  forests  of 
Misiones.  According  to  Myers  and  Wetzel  (1983),  it  is  possible  that  this  species 
may  be  migratory  in  the  Chaco  Boreal;  this  is  not  known  to  occur  in  Argentina. 

Artibeus  planirostris  (Spix,  1823) 

Distributional  — TUCUMAN:  Rio  Loro  (CML). 

Comments.  — Barquez  (1988)  proposed  the  use  of  this  name  for  specimens  from 
northwestern  Argentina  that  were  formerly  included  in  A.  jamaicensis.  The  Tu- 
cuman  locality  is  in  transitional  forest  surrounded  by  Chacoan  vegetation.  Males 
with  scrotal  testes  were  captured  during  mid-October. 

Family  Vespertilionidae 

Myotis  albescens  {Geoffroy,  1806) 

Distributional  records.  — CHACO:  Rio  de  Oro,  General  Vedia  (FCM);  Rio  Teu- 
co, 10  km  W Tartagal  (CML);  Pozo  del  Gato  (CML,  lADIZA);  CORRIENTES: 
Goya  (BMNH);  FORMOSA:  Estanislao  del  Campo  (TTU);  Clorinda  (TTU);  Co- 
Ionia  km  503  (CML,  lADIZA);  Colonia  km  503,  16  km  S (CML,  lADIZA); 
SALTA:  Hickman  (CML);  El  Breal,  6 km  S Santa  Victoria  Este  (Mares  et  al., 
1981);  Salta  (La  Val,  1973);  SANTIAGO  DEL  ESTERO:  Santo  Domingo  (CML); 


246 


Annals  of  Carnegie  Museum 


VOL.  61 


TUCUMAN:  El  Cadillal  (CML);  Las  Talas  (OU);  Monteagudo  (MACN);  Ticucho, 
3 km  W (OU);  Tranquitas  (MACN). 

Comments.— distribution  of  this  species  in  Argentina  is  not  well  known. 
Several  localities  were  added  by  Barquez  (1987,  1988)  and  Barquez  and  Lougheed 
(1990).  We  have  found  large  colonies  living  under  the  roofs  of  rural  dwellings  in 
Santo  Domingo,  Santiago  del  Estero,  and  in  Colonia  km  503,  Formosa  Province. 
In  both  places,  some  individuals  of  Eumops  patagonicus  were  living  with  the 
Myotis,  but  the  main  colonies  were  separated  even  under  the  same  roof 

Myotis  keaysi  Allen,  1914 

Distributional  records.— ^ ALT  A:  Salta  (MACN);  TUCUMAN:  Agua  Colorada 
(MACN);  Tranquitas  (MACN,  TTU). 

Comments.— According  to  La  Val  (1973),  the  majority  of  localities  known  for 
this  species  are  at  altitudes  between  2000  and  2400  m,  with  only  a few  between 
1100  and  1800  in  cloud  forest.  Our  records  are  the  first  to  indicate  a Chacoan 
distribution. 


Myotis  levis  {GcoTroy,  1824) 

Distributional  CORDOBA:  Cordoba  (BMNH,  USNM);  Embalse  de 

Rio  Tercero  (SSC);  Los  Hoy  os,  Sobremonte  (MACN);  San  Esteban  (CML,  OU); 
Tala  Canada  (MACN);  Villa  Dolores  (TTU);  SALTA:  Campo  Santo  (ROM); 
Guemes  (MACN,  ROM);  Hickman  (CML);  Horcones  (ROM,  not  examined); 
TUCUMAN:  El  Cadillal  (CML);  Las  Talas  (CML);  Tacanas  (CML). 

Comments.— The  subspecies  that  inhabits  the  Chaco  is  M.  I dinelli  Thomas, 
1902. 


Myotis  nigricans  (Schinz,  1821) 

Distributional  records.— CB.ACO:  Capitan  Solari  (OU);  Rio  de  Oro  (FCM); 
CORRIENTES:  Itati  (BMNH);  Laguna  Brava  (same  as  Laguna  Paiva)  (OU);  FOR- 
MOSA: Bartolome  de  las  Casas  (Massoia,  1976);  Bouvier  (TTU);  Clorinda 
(MACN);  Estanislao  del  Campo  (ROM);  Estancia  Las  Mercedes  (TTU);  Rio  Por- 
teno,  5 km  S Estancia  Santa  Catalina  (CML);  SALTA:  Tonono,  1 km  E (CML); 
Algarrobal,  20  km  W Guemes  (OU);  SANTIAGO  DEL  ESTERO:  Pozo  Hondo, 
Estancia  El  Guapo  (La  Val,  1973);  Nueva  Esperanza  (MACN,  TCWC,  TTU);  San 
Pedro  (TTU);  TUCUMAN:  El  Cadillal  (CM). 

Comments.  — Chacoan  specimens  are  confused  easily  with  M.  riparius,  a species 
now  considered  to  be  widespread  in  the  Argentine  Chaco, 

Myotis  riparius  Handley,  1960 

Distributional  records.— C^TACO:  Taco  Pozo,  77  km  NE  on  Rd  20  (CML, 
lADIZA);  FORMOSA:  Colonia  km  503,  16  km  S (CML,  lADIZA);  SANTIAGO 
DEL  ESTERO:  Santo  Domingo  (CML,  lADIZA). 

Comments.  — This  species  was  reported  in  Argentina  only  from  the  northeastern 
forests  of  Misiones  and  Corrientes  provinces  (Barquez,  1987).  Here,  we  report 
specimens  from  throughout  the  Argentine  Chaco,  from  the  provinces  of  Formosa, 
Chaco  and  Santiago  del  Estero.  The  specimen  from  Formosa,  a pregnant  female 
carrying  a fetus  (5  mm  C-R),  was  found  under  the  bark  of  a quebracho  (Schinopsis 
sp.)  tree.  Specimens  from  Santiago  del  Estero  were  living  in  colonies  of  about  50 
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individuals  each  under  the  roof  of  a rural  dwelling.  All  specimens  have  a sagittal 
crest,  the  second  upper  molar  displaced  to  the  lingual  side  of  the  toothrow,  and 
bicolored  dorsal  fur. 


My ot is  simus  Thomas,  1901 

Distributional  records.— FORMOSA:  Estancia  Las  Mercedes  (Pomes,  1972). 

Comments.— This  is  a rare  species.  Only  two  localities  have  been  reported  in 
Argentina,  from  Formosa  and  Corrientes  provinces  (Pomes,  1972).  From  Para- 
guay, Myers  and  Wetzel  (1983)  reported  that  females  were  captured  while  emerg- 
ing from  a hole  in  a quebracho  tree,  which  they  shared  with  Noctilio  albiventris. 

Eptesicus  brasiliensis  (Desmarest,  1819) 

Distributional  records.  — CHACO:  Puente  sobre  el  Rio  Bermejo  (Massoia,  1 976); 
CORRIENTES:  Goya  (BMNH). 

Comments.— Most  literature  records  of  the  occurrence  of  this  species  in  Ar- 
gentina correspond  to  although  cited  as  E.  brasiliensis  (EarquQ'z,  1987). 

The  holotype  and  other  specimens  of  E.  argentinus  Thomas  (1920)  at  the  BMNH 
show  distinctive  characters,  especially  in  body  size,  forearm,  length  and  skull 
dimensions,  which  separate  that  taxon  from  E.  furinalis.  The  large  amount  of 
geographic  variation  in  pelage  color  in  E.  furinalis  makes  it  easily  confused  with 
E.  brasiliensis.  We  are  confident  that  additional  studies  will  demonstrate  that  E. 
argentinus  is  a valid  species  distinct  from  both  E.  furinalis  and  E.  brasiliensis. 
For  now  E.  b.  argentinus  is  known  in  Argentina  only  from  the  two  above-men- 
tioned localities.  Davis  (1966)  and  Williams  (1978)  reviewed  the  taxonomy  of 
the  South  American  bats  of  this  genus;  the  latter  author  offered  some  characters 
to  differentiate  E.  furinalis  from  E.  brasiliensis. 

Eptesicus  diminutus  Osgood,  1915 

Distributional  records.— CORRIENTES:  Itati  (BMNH);  SALTA:  Aguaray 
(MACN);  TUCUMAN:  El  Cadillal  (CM). 

Comments.— Although  this  species  has  a wide  distribution,  Chacoan  records 
are  scarce  and  generally  close  to  the  evergreen  forests.  It  is  apparently  absent  in 
the  Chaco  Boreal 


Eptesicus  furinalis  (D’Orbigny,  1 847) 

Distributional  records.  — CHACO:  Rio  Teuco,  10  km  W Tartagal  (CML);  COR- 
RIENTES: Corrientes  (Davis,  1966);  CORDOBA:  Bialet  Masse  (MACN);  Cmz 
del  Eje  (BMNH);  FORMOSA:  Colonia  km  503,  16  km  S (CML);  Estancia  Las 
Mercedes  (MAC^;  Rio  Porteno,  5 km  S Estancia  Santa  Catalina  (CML);  JUJUY: 
Palma  Sola  (Villa  and  Villa,  1971);  SALTA:  Aguaray  (MACN);  Finca  San  Lorenzo 
(MACN);  Tonono,  1 km  E (CML);  SANTIAGO  DEL  ESTERO:  Huyamampa 
(CML);  San  Felix  (MACN);  San  Pedro  (TTU);  TUCUMAN:  El  Cadillal  (CML); 
Las  Talas  (OU). 

Comments.  — This  species  is  widely  distributed  in  northern  and  central  Argen- 
tina. Barquez  (1987)  and  Barquez  and  Lougheed  (1990)  did  not  recognize  the 
subspecies  E.  f findleyi,  as  they  considered  its  putatively  diagnostic  characters 
the  results  of  environmental  and  individual  variation,  A single  specimen  from 
Colonia  km  503  was  captured  under  the  bark  of  a tree. 
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Histiotus  macrotus  (Poeppig,  1835) 

Distributional  records, —SALT A:  Rio  Piedras  (BMNH);  TUCUMAN:  Anta 

Mapu  (MACN);  El  Cadillal  (CML);  El  Naranjo  (MACN,  TTU);  CORDOBA:  Villa 
Cura  Brochero  (MACN). 

Comments.  — Barquez  and  Lougheed  (1990)  extended  the  distribution  of  H.  m. 
macrotus  to  northwestern  Argentina,  to  an  area  where  the  chance  of  contact  with 
H.  m.  laephotis  is  possible.  The  above-mentioned  localities  are  for  the  subspecies 
H.  m.  laephotis,  except  for  Villa  Cura  Brochero  (Cordoba  Province)  which  rep- 
resents H.  m.  macrotus. 

Histiotus  montanus  (Philippi  and  Landbeck,  1861) 

Distributional  records.— CORDOBA:  Carrizal,  Villa  Dolores  (BMNH);  La 
Cumbre  (CML,  OU);  San  Esteban  (CML);  Punilla,  Valle  Hermoso  (TTU);  LA 
RIOJA:  San  Isidro  (MACN);  SANTIAGO  DEL  ESTERO:  Rio  Saladillo  (TTU); 
San  Salvador  (FCM). 

Comments.— BarquQz  (1987)  restricted  the  distribution  of  this  species  in  Ar- 
gentina to  the  southern  portion  of  the  country  (27°  South).  The  Chacoan  records 
represent  the  northernmost  distribution  of  the  species. 

Lasiurus  borealis  {MuWqt,  1776) 

Distributional  records.  — CHACO:  Resistencia  (TCWC);  CORDOBA:  Anisacate 
(FCM);  Bialet  Masse  (MACN);  Cruz  del  Eje  (BMNH);  Embalse  de  Rio  Tercero 
(SSC);  Rio  Ceballos  (Wainberg  and  De  Rosa,  1 966);  CORRIENTES:  Laguna  Paiva 
(OU);  FORMOSA:  El  Colorado  (Massoia,  1970);  SALTA:  Rosario  de  la  Frontera 
(TTU);  TUCUMAN:  Timbo  Nuevo  (MACN). 

Comments.  — This  species  is  not  known  from  the  Central  Chaco.  Its  penetration 
into  the  Chaco  is  more  pronounced  in  the  east.  Localities  from  the  northwestern 
part  of  the  Chaco  may  be  derived  from  the  Yungas  forests.  Specimens  from  Cruz 
del  Eje  were  described  by  Thomas  (1902)  as  L.  borealis  salinae,  but  Barquez 
(1987)  considered  this  taxon  as  a junior  synonym  of  L.  borealis  blosseivillii. 

Lasiurus  cinereus  (Beauvois,  1769) 

Distributional  records.  — CORDOBA:  Bailet  Masse  (Sanborn  and  Crespo,  1957); 
CORRIENTES:  Corrientes  (BMNH,  CML);  Goya  (Sanborn  and  Crespo,  1957); 
SALTA:  Metan  (CML);  Joaquin  V.  Gonzalez,  8 km  SE  (CML);  SANTIAGO  DEL 
ESTERO:  Anatuya  (Yepes,  1944). 

Comments.— This  species  has  a wide  distribution  in  Argentina.  The  above- 
mentioned  localities  are  the  only  records  known  for  the  Chaco. 

Lasiurus  ega  (Gervais,  1856) 

Distributional  records.  — CORDOBA:  Cordoba  (MSB);  Rio  Ceballos  (Wainberg 
and  De  Rosa,  1 966);  Rio  Cuarto  (MSB);  CORRIENTES:  Goya  (OU);  FORMOSA: 
Bartolome  de  las  Casas;  El  Colorado  (Massoia,  1976);  Clorinda,  13  km  S,  on  Rd 
1 1 (CML);  Rio  Porteno,  5 km  S Estancia  Santa  Catalina  (CML). 

Comments.— This  species  is  absent  in  the  Central  Chaco.  In  northwestern  Ar- 
gentina it  appears  to  be  a forest  bat,  but  is  able  to  enter  the  Western  Chaco  from 
the  south.  In  the  northeastern  Chaco  it  occurs  in  both  forest  and  Chaco  habitats. 

Barquez  and  Lougheed  (1990)  reported  this  species  in  Catamarca  Province 
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based  upon  a locality  close  to  the  Monte  Desert  and  the  Chaco.  At  that  locality, 
three  females  bearing  large  fetuses  were  captured  in  mid-November. 

Family  Molossidae 
Cy nomops  abrasus  1827) 

Distributional  records,  — None  for  the  Argentine  Chaco. 

Comments.— CdibvQm  (1957)  mentioned  that  the  distribution  of  this  species 
included  the  provinces  of  Formosa,  Chaco,  and  Misiones.  Yepes  (1944)  reported 
it  from  Colonia  Dora,  Santiago  del  Estero.  However,  no  specimens  were  found 
in  the  museums  examined  by  us,  with  the  exception  of  individuals  from  Misiones. 

Cynomops  paranus  1901) 

Distributional  records,  —CORRIENTES:  Laguna  Paiva  (CML). 

Comments.— The  characters  of  the  specimen  from  Laguna  Paiva  agree  with 
those  offered  by  Thomas  (1901,  1920)  for  the  type  specimen  at  the  BMNH.  Our 
specimen  was  captured  in  a hole  in  a tree. 

Molossops  temminckii  (Burmeister,  1854) 

Distributional  records.— C^ACO:  Pozo  del  Gate  (CML);  Rio  Teuco,  10  km  W 

Tartagal  (CML);  CORRIENTES:  Goya  (BMNH);  FORMOSA:  Colonia  El  Pavao, 
41  km  N Comandante  Fontana  on  Rd  95  (CML);  El  Colorado  (Massoia,  1970); 
Estanislao  del  Campo  (ROM,  not  examined);  Estero  de  los  Patos  (TTU,  not 
examined);  Rio  Porteno,  5 km  S Estancia  Santa  Catalina  (CM,  CML);  JUJUY: 
Palma  Sola  (Villa  and  Villa,  1971);  SALTA:  Antilla  (ROM):  Algarrobal  (OU);  El 
Breal  (CM);  Laguna  de  los  Panzones;  Retiro  (CML);  Rio  del  Valle  (CML);  Rosario 
de  la  Frontera  (TTU);  Santa  Maria  (CML);  Santa  Victoria  Este  (FCM);  SANTA 
FE:  Malabrigo  (Yepes,  1 944);  SANTIAGO  DEL  ESTERO:  San  Antonio  (MACN); 
San  Felix  (MACN);  Santa  Isabel  (TTU);  El  Simbolar  (TTU);  TUCUMAN:  El 
Cadillal  (CML). 

Comments.— This  is  one  of  the  most  common  species  in  the  Chaco.  Barquez 
and  Lougheed  (1990)  reported  specimens  from  Chaco  Province  that  were  captured 
while  leaving  their  refuges  in  holes  in  trunks  of  Schinopsis  quebracho- Colorado, 
Bulnesia  sarmientoi,  and  Chorisia  insignis.  Barquez  (1987)  could  not  justify  sep- 
aration of  the  two  subspecies  mentioned  by  Cabrera  (1957). 

Eumops  auripendulus  1800) 

Distributional  records.  — CHACO:  Resistencia  (MLP). 

Comments.  — This  species  was  formerly  known  in  Argentina  only  from  Misiones 
Province  (Eger,  1977). 


Eumops  bonariensis  (Peters,  1874) 

Distributional  TUCUMAN:  Las  Talas  (OU). 

Comments.  — Barquez  (1987)  revalidated  specific  status  fox  Eumops patagonicus 
Thomas,  1924  (=£'.  bonariensis  beckeri).  He  found  that  species  living  in  sympatry 
with  Eumops  b.  bonariensis  in  Tucuman  Province.  The  previously  reported  oc- 
currences of  E.  b.  bonariensis  in  Argentina  included  Buenos  Aires,  Entre  Rios, 
and  Santa  Fe  provinces.  Because  of  this  new  record,  it  can  be  assumed  that  this 
species  occurs  all  across  the  Chacoan  area  in  Cordoba  and  Santiago  del  Estero 
provinces.  Several  specimens  were  captured  in  Aguas  Chiquitas,  a locality  in 
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Tucuman  Province  about  6 km  NW  of  locality  38  (surrounded  by  the  Chaco 
Serrano). 


Eumops  dabbenei  Thovudi^,  1914 

Distributional  records.— CRACO:  Tartagal  (BMNH);  SANTA  FE:  Cerrito,  La 

Gallareta  (MFA);  San  Javier  (CEM). 

Comments.— (1987)  restricted  the  type  locality  of  this  species  to  Tar- 
tagal, Chaco  Province,  based  on  information  contained  in  the  archives  of  the 
Museo  Argentino  de  Ciencias  Naturales  in  Buenos  Aires  whence  the  type  specimen 
had  been  sent  to  the  Natural  History  Museum,  London.  Later,  Barquez  and 
Lougheed  (1990)  extended  the  known  distribution  of  the  species  to  Tucuman 
Province  where  in  mid-December  they  captured  a young  specimen  with  unfused 
epiphyses.  This  individual  was  living  in  the  roof  of  a house  in  San  Miguel  de 
Tucuman. 


Eumops  glaucinus  1843) 

Distributional  SALTA:  Santa  Victoria  Este  (MACN);  Tonono,  1 km 

W (CML);  JUJUY:  Yuto  (CML). 

Comments.— My and  Wetzel  (1983)  found  that  specimens  from  the  lower 
Chaco  are  similar  in  size  and  color  to  those  from  Santa  Cruz,  Bolivia.  Our  locality 
in  Jujuy  is  in  the  transitional  forest  but  is  very  close  to  the  Chaco.  Color  variation 
is  great  in  specimens  from  Argentina.  Although  a young  bat,  one  individual  from 
San  Miguel  de  Tucuman  has  darker  pelage  than  specimens  from  Salta. 

Eumops  patagonicus  T\ioxxi2i%,  1924 

Distributional  records.  — CHACO:  Barranqueras  (CML,  MACN,  TTU);  Colonia 
Benitez  (CML);  Resistencia  (BMNH);  Rio  de  Oro,  General  Vedia  (CML);  Saenz 
Pena  (Eger,  1977);  CORRIENTES:  Goya  (BMNH);  Laguna  Paiva  (OU);  Pozo  del 
Gato  (CML);  FORMOSA:  Bartolome  de  las  Casas  (CML);  Bouvier  (Eger,  1977); 
Clorinda  (CML);  Comandante  Fontana  (CML);  Colonia  km  503  (CML);  El  Col- 
orado (CML,  MACN);  Laguna  Blanca  (Massoia,  1970);  SALTA:  Joaquin  V.  Gon- 
zalez, 8 km  SW,  Finca  San  Javier  (CML);  Santa  Victoria  Este  (Fomes  and  Massoia, 
1967);  Santa  Rosa  (CML);  Tonono,  1 km  W (CML);  SANTIAGO  DEL  ESTERO: 
Banado  de  Figueroa  (CML);  Santa  Isabel  (Eger,  1977);  Las  Termas,  5 km  W 
(CML);  TUCUMAN:  Burruyacu  (MACN);  Gobemador  Piedrabuena  (MACN); 
Las  Talas  (OU). 

Comments.— T\m  is  a very  common  species  in  the  Chaco.  Barquez  (1987) 
revalidated  this  taxon  and  elevated  it  to  full  specific  status  (see  comments  under 
E.  bonariensis). 


Eumops  perotis  {Schivxz,  1821) 

Distributional  records.— C^ACO:  General  Vedia  (ROM);  CORDOBA:  Cor- 
doba (BMNH);  Embalse  Rio  Tercero  (SSC);  Los  Hoyos  (Crespo  et  al.,  1961); 
CORRIENTES:  Laguna  Paiva  (CML,  OU);  FORMOSA:  Clorinda,  13  km  S on 
Rd  1 1 (CM);  Patino  (MACN);  Colonia  km  503  (CML);  SALTA:  Campo  Santo 
(ROM);  Dragones  (Eger,  1977);  Salta  (MACN);  SANTIAGO  DEL  ESTERO:  Ba- 
nado de  Figueroa  (CML);  El  Retiro  (MACN);  Nueva  Esperanza  (MACN);  Pozo 
Hondo,  Estancia  El  Guapo  (MACN);  Santa  Catalina,  5 km  W (MACN);  Sara- 
pampa  (CML). 

Comments.  — This  apparently  is  a species  that  opportunistically  uses  man-made 
houses  for  shelter.  We  found  a large  colony  living  under  the  roof  of  a rural  dwelling 
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in  Colonia  km  503,  Formosa  Province.  It  is  common  in  the  Chaco.  Even  though 
literature  records  are  scarce,  we  have  seen  several  high-flying  specimens  pursuing 
insects. 

Tadarida  brasiliensis  (Geoffroy,  1824) 

Distributional  records.  — CORDOBA:  Bailet  Masse  (MACN);  Carrizal,  Villa  Do- 
lores (BMNH);  La  Cumbre  (CM);  FORMOSA:  Rio  Portefio,  5 km  S Estancia 
Santa  Catalina  (CML);  LA  RIOJA:  La  Rioja  (BMNH);  SALTA:.Metan  (MACN); 
Salta  (CML);  Santa  Victoria  Este  (MACN);  Dragones  (Yepes,  1944);  Finca  La 
Cruz,  50  km  SSW  Salta  (Villa  and  Villa,  1971);  Rio  Piedras  (BMNH);  SANTIAGO 
DEL  ESTERO:  Lavalle  (MACN);  Nueva  Esperanza  (MACN);  TUCUMAN:  Bur- 
ruyacu  (MACN);  El  Cadillal  (CML);  Estancia  El  Cavao  (CML);  Gobemador  Pie- 
drabuena  (MACN);  Las  Talas  (CML);  Tacanas  (CML);  Tapia  (CML);  Timbo 
Nuevo  (MACN). 

Comments.— is  one  of  the  most  abundant  and  widely  distributed  species 
in  Argentina.  However,  records  for  the  Chaco  are  scarce  when  compared  to  other 
phytogeographic  provinces.  Barquez  (1987)  reidentified  several  specimens  of  E. 
patagonicus  reported  by  Fomes  and  Massoia  (1967)  from  Barranqueras  and  Co- 
lonia Benitez,  Chaco  Province,  as  Tadarida  brasiliensis  (MACN,  TTU,  FCM). 
Myers  and  Wetzel  (1983)  cited  an  additional  specimen  from  Barranqueras  de- 
posited at  ROM  which  was  not  examined  by  us,  although  specimens  collected  by 
Fomes  and  Massoia  have  been  deposited  there. 

Nyctinomops  laticaudata  (Geoffroy,  1805) 

Distributional  records.— FORMOSA:  Clorinda,  13  km  S,  on  Rd  11  (CML). 

Comments.  — This  species  is  known  only  from  two  localities  in  Argentina  (For- 
mosa Province  and  forests  of  Salta  Province)  (Barquez  and  Ojeda,  1975;  Mares 
etal,  1981). 


Nyctinomops  macrotis  (Gray,  1839) 

Distributional  records.— S AFT  A:  Salta  (CML);  LA  RIOJA:  Cueva  del  Chacho 
(CML);  JUJUY:  Yuto  (CML). 

Comments.  — All  of  the  above-mentioned  localities  are  within  the  limits  of  the 
Chaco,  where  this  species  seems  to  be  rare.  However,  it  is  common  in  San  Miguel 
de  Tucuman,  where  it  uses  buildings  for  shelter. 

Promops  centralis  Thomas,  1915 

Distributional  records.— FORMOSA:  Clorinda,  13  km  S on  Rd  11  (CML);  El 
Colorado  (MACN). 

Comments.  — This  species  is  known  in  Argentina  only  from  Formosa  Province, 
where  it  seems  to  be  uncommon.  A specimen  captured  at  the  end  of  May  near 
Clorinda  was  a male  with  scrotal  testes.  Massoia  (1976)  reported  six  specimens 
which  were  captured  while  leaving  a palm  tree  in  the  backyard  of  a house  in  El 
Colorado. 


Promops  nasutus  (Spix,  1823) 

Distributional  records.  — SANTIAGO  DEL  ESTERO:  Nueva  Esperanza  (CML, 
MACN);  Colonia  Dora  (Yepes,  1944);  SALTA:  Finca  La  Cruz  (CML);  TUCU- 
MAN: Rio  Loro  (OU). 

Comments.— T\m  species  is  not  typical  of  the  Argentine  Chaco.  The  majority 
of  the  known  localities  for  this  species  are  from  forest  habitats.  The  locality  of 
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Table  Species  found  in  the  Chaco  of  Argentina  (ARG),  Paraguay  (PARA)  and  Bolivia  (BOL).  An 
“x”  indicates  the  presence  of  a species  in  the  country. 


Species 

ARG 

PARA 

BOL 

Emballonuridae 

Peropteryx  macrotis 

- 

X 

X 

Noctilionidae 

Noctilio  albiventris 

X 

X 

Noctilio  leporinus 

X 

X 

X 

Phyllostomidae 

Desmodus  rotundus 

X 

X 

Diaemus  youngii 

X 

__ 

Chrotopterus  auritus 

X 

X 

__ 

Phyllostomus  discolor 

— 

X 

__ 

Phyllostomus  hastatus 

— 

__ 

X 

Tonatia  bide  ns 

X 

X 

Glossophaga  soricina 

X 

X 

X 

Carollia  perspicillata 

X 

X 

X 

Sturnira  erythromos 

X 

— 

Sturnira  lilium 

X 

X 

X 

Vampyrops  dorsalis 

__ 

X 

Vampyrops  lineatus 

X 

— 

X 

Artibeus  fimbriatus 

X 

— 

— 

Artibeus  jamaicensis 

— 

X 

_ 

Artibeus  lituratus 

X 

X 

Artibeus  planirostris 

X 

X 

Vespertilionidae 

Myotis  albescens 

X 

X 

Myotis  keaysi 

X 

— 

Myotis  levis 

X 

— 

— 

Myotis  nigricans 

X 

X 

X 

Myotis  riparius 

X 

X 

— 

Myotis  simus 

X 

X 

— 

Eptesicus  brasiliensis 

X 

Eptesicus  diminutus 

X 

— 

__ 

Eptesicus  furinalis 

X 

X 

— 

Histiotus  macrotus 

X 

— 

Histiotus  montanus 

X 

Lasiurus  borealis 

X 

X 

Lasiurus  cinereus 

X 

X 

Lasiurus  ega 

X 

X 

- 

Molossidae 

Cynomops  abrasus 

X 

__ 

Cynomops  paranus 

X 

— 

— 

Cynomops  planirostris 

X 

— 

Molossops  temminckii 

X 

X 

— 

Eumops  auripendulus 

X 

X 

— 

Eumops  bonariensis 

X 

— 

Eumops  dabbenei 

X 

X 

— 

Eumops  glaucinus 

X 

X 

— 

Eumops  patagonicus 

X 

X 

_ 

Eumops  perotis 

X 

X 

Tadarida  brasiliensis 

X 

_ 

— 

Nyctinomops  laticaudata 

X 

X 

— 

Nyctinomops  macrotis 

X 

X 

Promops  centralis 

X 

X 

__ 
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Table  l.-~ Continued. 


Species 

arg 

para 

BOL 

Promops  nasutus 

X 

X 

_ 

Molossus  ater 

X 

X 

__ 

Molossus  molossus 

X 

X 

- 

Total 

50  species 

43 

34 

10 

Percent  of  total 

86% 

68% 

20% 

Cachi  (Salta  Province),  reported  by  Myers  and  Wetzel  (1983)  as  being  in  the 
Chaco,  is  in  fact  in  the  Monte  Desert.  Specimens  taken  at  the  end  of  June  at  Rio 
Loro,  Tucuman  Province,  had  scrotal  testes.  One  female  collected  at  Nueva  Es- 
peranza  (Santiago  del  Estero  Province)  was  pregnant  at  the  end  of  October. 

Molossus  ater  Geoffroy,  1805 

Distributional  CORDOBA:  Alta  Gracia  (Pomes  and  Massoia,  1967); 

CHACO:  Colonia  Benitez  (FCM);  General  Vedia  (FCM,  MACN);  Resistencia 
(CML);  FORMOSA:  Bartolome  de  las  Casas  (CML);  Bouvier  (OU);  Clorinda,  1 3 
km  S on  Rd  11  (CML);  El  Colorado  (MACN);  Laguna  Blanca  (Massoia,  1970); 
SALTA:  Salta  (Villa  and  Villa,  1971). 

Comments.  — The  subspecific  status  of  the  Argentine  populations  of  this  species 
is  not  clear.  Barquez  (1987)  examined  specimens  (AMNH)  from  El  Beni,  Bolivia, 
assigned  to  M.  a.  ater.  These  are  comparable  to  those  from  Chaco,  Corrientes, 
and  Formosa  provinces  in  Argentina.  He  also  found  that  intrapopulational  vari- 
ation is  high,  based  on  observations  of  a large  number  of  specimens  captured  at 
Laguna  Paiva,  Corrientes  Province.  It  is  possible  that  all  specimens  from  Argen- 
tina belong  to  the  same  subspecies,  but  this  question  has  to  be  resolved  in  the 
future. 


Molossus  molossus  (Pallas,  1766) 

Distributional  records.— CRACO:  Pozo  del  Gato  (CML);  Resistencia,  20  km 
N;  CORRIENTES:  Goya  (BMNH,  USNM);  Laguna  Paiva  (CML);  FORMOSA: 
Bartolome  de  las  Casas  (Massoia,  1970);  El  Colorado  (MACN);  Laguna  Blanca 
(Massoia,  1970);  Rio  Porteno,  5 km  S Estancia  Santa  Catalina  (CML);  SALTA: 
Salta  (MACN);  Santa  Rosa  (CML);  Santa  Victoria  Este  (MACN,  TTU);  SAN- 
TIAGO DEL  ESTERO:  Nueva  Esperanza  (MACN,  TTU);  Santo  Domingo  (CML). 

Comments.  — This  is  a common  Chacoan  bat  which  uses  man-made  stmctures 
for  shelter.  A single  male  from  Rio  Porteno  (Formosa  Province)  had  scrotal  testes 
in  mid-May,  and  a female  from  El  Colorado  (Formosa  Province)  was  pregnant 
in  mid-January.  Myers  and  Wetzel  (1983)  also  found  pregnant  females  during 
September  and  November  in  the  Chaco  Boreal. 

Discussion 

More  than  a quarter  of  the  South  American  bat  fauna  occurs  in  the  “Gran 
Chaco”  biogeographic  province.  Thus,  of  the  187  species  (Koopman,  1982),  about 
50  (Myers  and  Wetzel,  1983)  are  present  in  the  Chacoan  thom-scrub  savanna. 
The  bat  fauna  of  the  Argentine  Chaco  includes  43  species  (Table  1). 

Within  Argentina,  the  western  and  eastern  portions  of  the  Chaco  have  the  largest 
numbers  of  species.  Thirty-one  species  are  present  in  each  portion,  whereas  in 
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Table  2.— Checklist  of  the  bats  of  the  Chaco  of  Argentina.  The  status  of  each  species  is  indicated  as 
being:  A (abundant),  C (common),  U (uncommon),  and  R (rare).  Guild  abbreviations:  PISCI  (piscivore), 
FRUGI  (frugivore),  CARNI  (carnivore),  SANGUI  (sanguivore),  NECTAR  (nectarivore),  FOGLOM 
(foliage  gleaner  omnivore),  and  AERIN  (aereal  insectivore). 


Species 

Western 

Major  Chaco  subregions 

Central 

Eastern 

Guilds 

Noctilionidae 

Noctilio  albiventris 

__ 

__ 

c 

PISCI 

Noctilio  leporinus 

u 

c 

c 

PISCI 

Phyllostomidae 

Desmodus  rotundus 

A 

A 

A 

SANGUI 

Diaemus  youngii 

R 

_ 

__ 

SANGUI 

Chrotopterus  auritus 

C 

c 

CARNI 

Tonatia  bidens 

R 

— 

_ 

FOGLOM 

Glossophaga  soricina 

__ 

__ 

R 

NECTAR 

Carollia  perspicillata 

R 

FRUGI 

Sturnira  erythromos 

C 

FRUGI 

Sturnira  lilium 

A 

R 

A 

FRUGI 

Vampyrops  lineatus 

__ 

__ 

R 

FRUGI 

Artibeus  fimbriatus 

__ 

U/R 

FRUGI 

Artibeus  lituratus 

__ 

_ 

U 

FRUGI 

Artibeus  planirostris 

C 

FRUGI 

Vespertilionidae 

Myotis  albescens 

A 

A 

A 

AERIN 

Myotis  keaysi 

R 

_ 

__ 

AERIN 

Myotis  levis 

A 

_ 

AERIN 

Myotis  nigricans 

C 

C 

C 

AERIN 

Myotis  riparius 

U 

C 

C 

AERIN 

Myotis  simus 

__ 

__ 

R 

AERIN 

Eptesicus  brasiliensis 

R 

AERIN 

Eptesicus  diminutus 

R 

R 

AERIN 

Eptesicus  furinalis 

C 

c 

C 

AERIN 

Histiotus  macrotus 

C 

__ 

__ 

AERIN 

Histiotus  montanus 

C 

_ 

AERIN 

Lasiurus  borealis 

C 

C 

AERIN 

Lasiurus  cinereus 

c 

c 

AERIN 

Lasiurus  ega 

c 

c 

AERIN 

Molossidae 

Cynomops  paranus 

__ 

_ 

R 

AERIN 

Molossops  temminckii 

A 

A 

A 

AERIN 

Eumops  auripendulus 

__ 

R 

AERIN 

Eumops  bonariensis 

u 

__ 

_ 

AERIN 

Eumops  dabbenei 

R 

R 

R 

AERIN 

Eumops  glaucinus 

U 

__ 

AERIN 

Eumops  patagonicus 

A 

A 

A 

AERIN 

Eumops  per  Otis 

C 

C 

C 

AERIN 

Tadarida  brasiliensis 

A 

A 

A 

AERIN 

Nyctinomops  laticaudata 

__ 

R 

AERIN 

Nyctinomops  macrotis 

R 

AERIN 

Promops  centralis 

__ 

U 

AERIN 

Promops  nasutus 

U 

U 

_ 

AERIN 

Molossus  ater 

R 

c 

AERIN 

Molossus  molossus 

A 

A 

A 

AERIN 

Total 

43 

31 

14 

31 

Percent  of  total 

72% 

32.5% 

72% 

1992 
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Table  3.— Exclusive  species  for  each  of  the  subregions  of  the  Argentine  Chaco.  Those  indicated  with  a 
“+  ” inhabit  the  eastern  part  of  Argentina  but  were  not  captured  in  the  eastern  Chaco.  Those  indicated 
with  an  inhabit  the  western  part  of  Argentina  but  were  not  captured  in  the  western  Chaco. 


Western 

Eastern 

Tonatia  bidens 

Noctilio  albiventris 

Sturnira  erythromos 

*Glossophaga  soricina 

Artibeus  planirostris 

Carollia  perspicillata 

+Diaemus  youngii 

Vampyrops  lineatus 

Myotis  keaysi 

Artibeus  fimbriatus 

Myotis  levis 

Artibeus  lituratus 

Histiotus  macrotus 

Myotis  simus 

Histiotus  montanus 

Eptesicus  brasiliensis 

Eumops  bonariensis 

Cynomops  paranus 

Eumops  glaucinus 

Eumops  auripenduius 

Nyctinomops  macrotis 

*Nyctinomops  laticaudata 

Promops  centralis 

the  central  subregion  about  14  species  occur  (Table  2).  This  difference  in  richness 
likely  is  related  to  the  contact  of  the  Chaco  with  the  humid  and  transitional  habitats 
that  occur  adjacent  to  the  western  and  eastern  subregions,  and  the  contributions 
of  these  habitats  to  the  bat  assemblages  of  those  subregions.  Thus,  1 1 species  are 
restricted  to  the  western  subregion  which  is  in  close  proximity  with  the  subtropical 
“Yungas”  forests.  Twelve  species  occur  exclusively  in  the  eastern  subregion,  near 
the  southern  limits  of  the  Atlantic  rainforests  and  gallery  forests  (Table  3). 

The  Chaco  Austral  is  far  from  being  depauperate  from  the  standpoint  of  bats. 
Approximately  80%  of  the  species  found  in  Argentina  occur  in  the  Chacoan 
Phytogeographic  Province  (Barquez,  1987).  A comparison  of  its  biogeographic 
affinities  with  the  xerophyllous  Cerrado  and  Caatinga  formations  shows  that  at 
least  24  species  (56%)  are  shared  with  the  Caatingas  of  northeast  Brazil  (Mares 
et  al.,  1981;  Myers  and  Wetzel,  1983;  Willig,  1983).  The  preliminary  nature  of 
data  on  the  bats  of  the  Cerrado  (Mares  et  al.,  1989)  precludes  comparison  with 
that  formation. 

Are  any  bats  endemic  to  the  Chacoan  thom-scrub  savanna?  The  traditional 
answer  to  this  question  has  been  no  (see  Myers  and  Wetzel,  1983).  No  species 
are  phylogenetically  distinct  from  populations  in  other  areas.  On  the  other  hand, 
considering  the  rarity  or  commonness  of  a species  (relative  abundance),  we  find 
a group  of  species  whose  optimum  abundance  seems  to  correspond  well  with  this 
semiarid  region.  The  central  portion  of  the  Chaco  reflects  the  optimum  occurrence 
for  1 1 species  (“core  species,”  Fleming,  1986)  which  can  be  rated  as  common  or 
abundant  (Table  2), 

Among  seven  feeding  guilds  (Table  2),  the  highest  percentage  of  species  are 
insectivores  (67%).  The  frugivorous  guild  includes  16%  of  the  species.  The  re- 
maining species  are  distributed  among  sanguivores,  piscivores,  nectarivores,  om- 
nivores, and  a carnivore.  Eleven  of  the  14  species  (78%)  in  the  Central  Subregion 
constitute  “core  species”  in  terms  of  abundance  or  commonness  (Fleming,  1986). 
The  insect! vore  guild  is  well  represented  in  the  Central  Subregion,  where  82%  of 
the  insectivores  are  “core  species.”  In  the  western  and  eastern  subregions,  the 
distribution  of  species  in  feeding  guilds  is  more  homogeneous  and  the  percentage 
of  the  insectivorous  “core  species”  drops  to  61%  and  62%,  respectively. 

In  spite  of  different  analytical  methods,  the  results  from  the  Chaco  contrast 
with  the  feeding  guild  occupation  of  bats  of  the  Caatingas  and  edaphic  Cerrado. 


256 


Annals  of  Carnegie  Museum 


VOL.  61 


The  edaphic  Cerrado  bat  community  is  dominated  by  fmgivores  and  foliage 
gleaners,  whereas  the  Caatingas  bat  community  has  a more  even  distribution  of 
species  within  the  guilds  (Willig,  1983,  1986). 

How  well  do  the  assemblages  of  Chacoan  bats  divide  their  resources?  In  contrast 
with  other  feeding  guilds  (i.e.,  fmgivores),  the  insectivores  show  a high  degree  of 
overlap  in  ecomorphological  traits.  This  poses  a problem  when  trying  to  imply 
ecological  processes  (i.e.,  different  foraging  strategies)  in  determining  the  orga- 
nization of  the  community  (Willig,  1986).  The  abundance  and  commonness  of 
the  insectivore  guild  in  the  Chacoan  bat  assemblage  poses  an  interesting  problem 
with  regard  to  community  stmcture.  Although  there  is  a paucity  of  research  dealing 
with  the  stmcture  of  and  resource  partitioning  in  mammalian  assemblages  in  the 
Chaco,  circumstantial  evidence  suggests  that  diversity  and  abundance  of  the  ar- 
thropod resource  base  may  be  key  factors  (Bucher,  1974,  1980;  Ojeda  and  Mares, 
1989).  Additional  studies  at  the  level  of  local  assemblages,  of  migrations,  and  on 
temporal  and  spatial  fluctuations  in  diversity  and  abundance  of  resources  may 
provide  answers  to  this  complex  question. 
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Appendix  1 

Gazetteer  of  Localities 

(numbers  refer  to  numbered  localities  on  Fig.  1) 

1.  Agua  Colorada  (Tucuman,  Burruyacu) 

2.  Agua  Salada,  15  km  SW  of  Agua  Caliente  (Jujuy,  Santa  Barbara)  23'’57'S,  64°38'W 
2a.  Aguas  de  Ramon  (Cordoba,  Minas)  30®48'S,  65®22'W 

3.  Aguaray  (Salta,  San  Martin)  22®16'S,  63M6'W 

4.  Algarrobal,  20  km  W of  Guemes  (Salta,  Anta)  25°24'S,  64°02'W 

5.  Alta  Gracia  (Cordoba,  Santa  Maria)  31°40'S,  64®26'W 

6.  Anizacate  (Cordoba,  Santa  Maria)  31®34'S,  64°26'W 

7.  Anta  Mapu  (Tucuman,  Burruyacu)  26®3TS,  64®25'W 

8.  Antilla  (Salta,  Rosario  de  la  Frontera)  26®07'S,  64®36'W 

9.  Anatuya  (Santiago  del  Estero,  General  Taboada)  28®27'S,  62®50'W 

10.  Arenales,  15  km  E of  Piedrabuena  (Santiago  del  Estero,  Jimenez)  26®43'S,  64°35'W 

11.  Banado  de  Figueroa  (Santiago  del  Estero,  Figueroa)  27®31'S,  63®35'W 

12.  Barranqueras  (Chaco,  San  Fernando)  27®29'S,  58°56'W 

13.  Bartolome  de  las  Casas  (Formosa,  Patino)  25®25'S,  59®35'W 

14.  Bailet  Masse  (Cordoba,  Punilla)  31®18'S,  64®28'W 

15.  Bouvier  (Formosa,  Pilcomayo)  25°27'S,  57°35'W 

16.  Burruyacu  (Tucuman,  Burruyacu)  26°30'S,  64®45'W 

17.  Campo  Santo  (Salta,  General  Guemes)  24M2'S,  65°06'W 

18.  Capitan  Solari,  La  Forestal  (Chaco,  Sargento  Cabral)  26®48'S,  59®34'W 

19.  Carrizal,  Villa  Dolores,  1000  m (Cordoba,  San  Javier)  32®05'S,  65®02'W 
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20.  Cerrito,  La  Gallareta  (Santa  Fe,  Vera)  29®30'S,  60®30'W 

21.  Clorinda  (Formosa,  Pilcomyao)  25®17'S,  57®43'W 

22.  Clorinda,  13  km  S on  Rd  11  (Formosa,  Pilcomayo)  25®23'S,  57®45'W 

23.  Colonia  Benitez  (Chaco,  Primero  de  Mayo)  27®20'S,  58°57'W 

24.  Colonia  Dora  (Santiago  del  Estero,  Avellaneda)  28®37'S,  62®57'W 

25.  Colonia  El  Pavao,  4 1 km  N Comandante  Fontana  on  Rd  95  (Formosa,  Patino)  59®50'S,  25°00'W 

26.  Colonia  km  503  (Formosa,  Patino)  25®23'S,  60®19'W 

27.  Colonia  km  503,  16  km  S (Formosa,  Patino) 

28.  Comandante  Fontana  (Formosa,  Patino)  25®20'S,  59®41'W 

29.  Cordoba  (Cordoba,  Capital)  3r25'S,  64®12'W 

30.  Corrientes  (Corrientes,  Capital)  27®28'S,  58°50'W 

31.  Cruz  del  Eje  (Cordoba,  Cruz  del  Eje)  30®44'S,  74®49'W 
31a.  Cueva  del  Chaco  (La  Rioja,  Patquia)  30®02'S,  66®50'W 

32.  Chanar  Pozo  (Santiago  del  Estero,  Rio  Hondo)  27®19'S,  64°40'W 

33.  Departamento  Patino  (Formosa) 

34.  Dragones  (Salta,  San  Martin)  23®16'S,  63°2LW 

35.  El  Barreal  (La  Rioja,  Capital)  29®38'S,  66®06'W 

36.  El  Breal,  6 km  S of  Santa  Victoria  Este  (Salta,  Rivadavia)  23®14'S,  62®56'W 

37.  El  Cadillal  (Tucuman,  Capital)  26®37'S,  65®12'W 

38.  El  Cadillal,  Usina  (Tucuman,  Capital)  26®37'S,  65®12'W 

39.  El  Colorado  (Formosa,  Pirane)  26®18'S,  59®22'W 

40.  El  Naranjo  (Tucuman,  Burruyacu)  26®4LS,  65®03'W 

41.  El  Porvenir  (Salta,  Metan)  25®23'S,  64®40'W 

42.  El  Retiro  (Santiago  del  Estero,  Figueroa)  27°04'S,  64°28'W 

43.  El  Rincon  (Santiago  del  Estero,  Jimenez)  26®43'S,  64®50'W 

44.  El  Simbolar,  25  km  SW  of  Palma  Sola  (Jujuy,  Santa  Barbara)  24®1  LS,  64®28'W 

45.  El  Tuscal  (Cordoba,  Tulumba)  29®40'S,  64®3LW 

46.  Embalse  de  Rio  Tercero  (Cordoba,  Calamuchita)  32®1  LS,  64®27'W 

47.  Estancia  El  Cavao  (Tucuman,  Burruyacu)  26°30'S,  64°45'W 

48.  Estancia  Las  Mercedes  (Formosa,  Pilcomayo)  25®1 1'S,  47°54'W 

49.  Estanislao  del  Campo  (Formosa,  Patino)  25®03'S,  60®06'W 

50.  Finca  La  Cruz,  50  km  SSW  of  Salta  (Salta,  La  Capital)  24®54'S,  64®10'W 

51.  Finca  San  Lorenzo  (Salta,  Rosario  de  la  Frontera)  25®48'S,  64®58'W 

52.  Florencia  (Santa  Fe,  General  Obligado)  28®02'S,  59®14'W 

53.  General  Vedia  (Chaco,  Bermejo)  26°56'S,  58°41'W 

54.  Gobemador  Piedrabuena  (Tucuman,  Burruyacu)  26°45'S,  64°39'W 

55.  Goya  (Corrientes,  Goya)  29®08'S,  59®17'W 

56.  Guemes  (Salta,  General  Guemes)  24°41'S,  65®02'W 

57.  Hickman  (Salta,  San  Martin)  23®13'S,  63®34'W 

58.  Horcones  (Salta,  Rosario  de  la  Frontera)  25®48'S,  64®55'W 

59.  Huyamampa  (Santiago  del  Estero,  Banda)  27®23'S,  64®18'W 

60.  Isla  del  Cerrito  (Chaco,  Bermejo)  27®16'S,  58®41'W 

61.  Itati  (Corrientes,  Itati)  27®16'S,  58°15'W 

61a.  Joaquin  V.  Gonzalez,  8 km  SE,  Finca  San  Javier  (Salta,  Anta)  25®02'S,  64°05'W 

62.  La  Argentina  (Cordoba,  Minas)  31®14'S,  65®18'W 

63.  La  Bismutina  (Cordoba,  Minas)  31°09'S,  65®13'W 

64.  La  Cumbre  (Cordoba,  Punilla)  30°59'S,  64°30'W 

65.  La  Higuera  (Cordoba,  Cruz  del  Eje)  3 LOTS,  65®06'W 

66.  La  Pochita  (Cordoba,  Sobremonte)  29®46'S,  64®49'W 

67.  La  Rioja  (La  Rioja,  Capital)  29®25'S,  66®5LW 

68.  Laguna  Blanca  (Formosa,  Pilcomayo)  25°08'S,  58®15'W 

69.  Laguna  de  los  Panzones  (Salta,  Rivadavia)  22®54'S,  63®27'W 

70.  Laguna  Paiva  (Corrientes,  Capital)  27°30'S,  58®45'W 

71.  Las  Chacras  (Cordoba,  Pocho)  31®30'S,  65®28'W 

72.  Las  Lajitas  (Salta,  Anta)  24®41'S,  64®15'W 

73.  Las  Lomitas  (Formosa,  Patino)  24®43'S,  60°36'W 

74.  Las  Talas  (Tucuman,  Famailla)  27®00'S,  65®17'W 

75.  Las  Termas,  5 km  W (Santiago  del  Estero,  Rio  Hondo)  27®30'S,  64°50'W 

76.  Lavalle  (Santiago  del  Estero,  Guasayan)  28®12'S,  65°07'W 

77.  Los  Hoyos  (Cordoba,  Rio  Seco)  29°49'S,  63®39'W 

78.  Lujan  (San  Luis,  Ayacucho)  32®22'S,  65®56'W 
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79.  Malabrigo  (Santa  Fe,  General  Obligado)  29°20'S,  59°59'W 

80.  Metan  (Salta,  Metan)  25°30'S,  64®58'W 

81.  Mina  San  Ignacio  (Cordoba,  San  Alberto)  31°58'S,  65°33'W 

82.  Monteagudo  (Tucuman,  Chicligasta)  27°3rS,  65°16'W 

83.  Nueva  Esperanza  (Santiago  del  Estero,  Pellegrini)  26°12'S,  64®16'W 

84.  Ojo  de  Agua  (Cordoba,  Minas)  3F14'S,  65°12'W 

85.  Palma  Sola  (Jujuy,  Santa  Barbara)  24°00'S,  64®19'W 

86.  Palo  Seco  (Cordoba,  Tulumba)  30®08'S,  65®20'W 

87.  Pozo  del  Gato  (Chaco,  General  Guemes)  61®58'S,  24°40'W 

88.  Pozo  del  Tigre  (Formosa,  Patino)  24®54'S,  60®19'W 

89.  Pozo  Hondo,  Estancia  El  Guapo  (Santiago  del  Estero,  Jimenez)  27°10'S,  64°30'W 

90.  Puente  sobre  el  Rio  Bermejo  (Chaco,  San  Martin)  26°20'S,  59°22'W 

91.  Puerto  Bermejo  (Chaco,  Bermejo)  26°56'S,  58®30'W 

92.  Puerto  Pilcomayo  (Formosa,  Pilcomayo)  25°22'S,  57°39'W 

93.  Puerto  Velaz  (Formosa,  Laishi)  26®40'S,  58°32'W 

94.  Punilla,  Valle  Hermoso  (Cordoba,  Punilla)  31®07'S,  64®30'W 

95.  Quines,  Lujan  (San  Luis,  Ayacucho)  32®14'S,  65®48'W 

96.  Rayo  Cortado,  Cerro  Colorado  (Cordoba,  Rio  Seco)  30°04'S,  63®50'W 

97.  Resistencia  (Chaco,  San  Fernando)  27°27'S,  59®00'W 

98.  Resistencia,  20  km  N (Chaco,  Primero  de  Mayo)  27®16'S,  58®58'W 

99.  Retiro  (Salta,  Rivadavia)  22®54'S,  63°27'W 

100.  Rio  Ceballos  (Cordoba,  Colon)  31®!  FS,  64®20'W 

101.  Rio  de  Oro,  General  Vedia  (Chaco,  Bermejo)  26®56'S,  58®4FW 

102.  Rio  del  Valle  (Salta,  Anta)  24°38'S,  64°16'W 

103.  Rio  Loro  (Tucuman,  Bumiyacu)  26°37'S,  65®i0'W 

104.  Rio  Mojotoro,  5 km  N of  Salta  (Salta,  Capital)  24®43'S,  65®17'W 

105.  Rio  Piedras  (Salta,  Metan)  25®18'S,  64®55'W 

106.  Rio  Porteno,  5 km  S Estancia  Santa  Catalina  (Formosa,  Patino)  24°56'S,  59°12'W 

107.  Rio  Teuco,  10  km  W of  Tartagal  (Chaco,  General  Guemes)  62°00'S,  24®20'W 

108.  Romang,  Isla  el  Laurel  (Santa  Fe,  San  Javier)  29°30'S,  50°46'W 

109.  Rosario  de  la  Frontera  (Salta,  Rosario  de  la  Frontera)  25°48'S,  64°58'W 

1 10.  Saenz  Pena  (Chaco,  Comandante  Fernandez)  26°47'S,  60®27'W 

111.  Salta  (Salta,  La  Capital)  24®47'S,  65°24'W 

1 12.  San  Antonio  (Santiago  del  Estero,  Jimenez)  26®46'S,  64°36'W 

113.  San  Esteban,  1 100  m (Cordoba,  Punilla)  30®55'S,  64°32'W 

1 14.  San  Felix  (Santiago  del  Estero,  Alberdi)  26®38'S,  63°24'W 

115.  San  Isidro  (La  Rioja,  General  San  Martin)  31®46'S,  66®25'W 

116.  San  Javier  (Santa  Fe,  San  Javier)  30®35'S,  59°56'W 

117.  San  Juan  (Cordoba,  San  Alberto)  31°37'S,  65°22'W 

118.  San  Pedro  (Santiago  del  Estero,  Jimenez)  27°06'S,  64°27'W 

1 19.  Santa  Catalina,  5 km  W (Santiago  del  Estero,  Guasayan)  28®08'S,  64°47'W 

120.  Santa  Clara  (Jujuy,  Santa  Barbara)  24°18'S,  74®4FW 

121.  Santa  Isabel  (Santiago  del  Estero,  Pellegrini)  26®20'S,  64®20'W 

122.  Santa  Maria  (Salta,  Rivadavia)  22®07'S,  62°50'W 

123.  Santa  Rosa  (Salta,  Rivadavia)  63°20'S,  23®50'W 

124.  Santa  Victoria  Este  (Salta,  Rivadavia)  22®17'S,  62®43'W 
124a.  Santo  Domingo  (Santiago  del  Estero)  26°10'S,  63®48'W 

125.  Tabaquillo,  15  km  E of  Cruz  del  Eje  (Cordoba,  Cruz  del  Eje)  30®47'S,  64®57'W 

126.  Tacanas  (Tucuman,  Leales)  27°08'S,  64°49'W 

127.  Taco  Pozo,  77  km  NE  on  Rd  20  (Chaco)  62°10'S,  25°12'W 

128.  Tala  Canada,  1250  m (Cordoba,  Pocho)  31®2FS,  64®58'W 

129.  Tapia  (Tucuman,  Trancas)  26°36'S,  65°i7'W 

130.  Tartagal  (Salta,  San  Martin)  22®32'S,  63°49'W 

131.  Tartagal  (Chaco,  General  Guemes)  24°1  FS,  62°07'W 

132.  Ticucho,  3 km  W (Tucuman,  Trancas)  26®3FS,  65®13'W 

133.  Timbo  Nuevo  (Tucuman,  Burruyacu)  26°43'S,  65®07'W 

134.  Tonono,  1 km  W (Salta)  27°17'S,  63®30'W 

135.  Tranquitas  (Tucuman,  Burruyacu)  26®37'S,  65°02'W 

136.  Unchime  (Salta,  Guemes)  24®50'S,  64®24'W 

137.  Villa  Cura  Brochero  (Cordoba,  San  Alberto)  31®42'S,  65®0FW 

138.  Villa  Dolores  (Cordoba,  San  Javier)  31®57'S,  65°12'W 
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139.  Villa  Mercedes  (Santiago  del  Estero,  Pellegrini)  26°29'S,  62°12'W 

140.  Yuto  (Jujuy,  Ledesma)  23“38'S,  64®28'W 

Localities  not  located:  Estero  de  los  Patos,  Formosa.  Chacra  La  Merced,  Cordoba.  La  Libertad,  Santiago 
del  Estero.  La  Poblacion,  Cordoba.  Los  Hoyos,  Departamento  Sobremonte,  Cordoba.  Los  Molles, 
Departamento  Cruz  del  Eje,  Cordoba.  Nino  Dios,  Cordoba.  Rio  Guaycuru,  Chaco.  Rio  Hondo, 
Departamento  Cruz  del  Eje,  Cordoba. 
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REVIEWS 

ORCHID  BIOLOGY:  REVIEWS  AND  PERSPECTIVES,  V.  Edited  by  Joseph 
Arditti.  1990.  Timber  Press,  Portland,  Oregon.  451  pages  with  charts,  tables,  line 
drawings,  black  and  white  photographs,  glossaries  and  indices.  ISBN  0-88192- 
170-X.  $58.00. 

This  fifth  volume  of  Joseph  Arditti’s  series  Orchid  Biology:  Reviews  and  Per- 
spectives is  a significant  adjunct  to  the  earlier  numbers  of  the  series  published  by 
Cornell  University  Press.  Its  seven  chapters  present  studies  of  the  role  of  orchids 
as  test  organisms  in  space;  auto-pollination  of  orchids;  a review  of  the  genus 
Dactylorhiza]  water  relations  in  orchids;  the  unique  subterranean  orchid  Rhizan- 
thella  gardneri;  a history  of  orchids  in  literature;  and  Frits  Went’s  personal  account 
of  orchids  in  his  life.  The  Appendix,  which  is  of  particular  interest  to  orchid 
growers,  records  the  months  of  flowering  of  orchids  in  cultivation.  This  volume 
also  contains  a brief  biography  of  each  contributing  author  and  the  table  of 
contents  for  the  preceding  four  volumes. 

Following  his  practice  in  previous  volumes,  the  author  invited  a person  well 
known  in  the  orchid  world  to  contribute  the  opening  chapter.  The  first  chapter 
of  this  volume,  “Orchids  in  My  Life,”  is  the  eminent  plant  physiologist  Frits  W. 
Went’s  story  of  his  life  and  his  discovery  of  the  first  plant  hormone,  auxin.  Chapter 
2,  “The  Western  Australian  Fully  Subterranean  Orchid  Rhizanthella  gardnerW 
by  K.  W.  Dixon,  J.  S.  Pate,  and  John  Kuo  expands  upon  previous  studies  of  this 
unusual  acrophyllous  species  with  a comprehensive  review  of  its  history,  biology, 
morphology,  taxonomic  affinities,  and  conservation.  In  Chapter  3,  “Water  Re- 
lations in  Orchids,”  Russell  Sinclair’s  review  places  its  emphasis  predominantly 
on  epiphytes  and  deals  with  the  relationship  of  plant  structures  to  the  uptake, 
storage,  and  controlled  loss  of  water.  Transpiration  in  orchids  is  thoroughly  dis- 
cussed including  the  flexibility  of  the  Crassulacean  Acid  Metabolism  mode  of 
photosynthesis  under  water  stress,  geographic  distribution  of  water-influenced 
epiphytes,  and  seed  germination.  These  topics  are  followed  by  a brief  review  of 
movements  of  plant  parts  resulting  from  changes  in  cell  hydrostatic  pressure. 

In  Chapter  4,  “Auto-pollination  in  the  Orchidaceae,”  Paul  Catling  oflers  a 
thorough  review  of  the  subject.  Among  aspects  reviewed  are  characteristics  of 
self-pollinating  orchids,  methods  of  self-pollination,  occurrence  of  self-pollination 
within  Orchidaceae,  geographic  distribution  of  self-pollinators,  and  the  evolu- 
tionary and  taxonomic  implications  of  auto-pollination.  The  chapter  is  enhanced 
by  three  tables  and  numerous  illustrations. 

Leonid  V.  Averyanov,  author  of  Chapter  5,  “A  Review  of  the  Genus  Dactylo- 
rhiza,''  has  specialized  in  the  systematics  of  temperate  Eurasian  orchids.  His 
multifaceted  research  approach  is  reflected  in  this  review,  which  includes  anatomy, 
morphology,  taxonomy,  cytology,  hybridization,  and  natural  history  of  the  genus. 
Well  illustrated  with  drawings  and  electron  micrographs,  this  chapter  also  includes 
a complex  taxonomic  table  of  the  dactylorchids  and  a very  useful  glossary. 

Chapter  7,  “Power  and  Passion:  The  Orchid  in  Literature,”  by  Martha  W. 
Hoffman  Lewis  offers  a positive  response  to  the  editor’s  query,  “Why  shouldn’t 
science  and  the  arts  mix?”  Lewis  discusses  the  significance  and  relevance  of  orchids 
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in  the  literature  of  England,  France,  and  Germany  in  the  19th  and  20th  centuries. 
In  Chapter  8,  “Tropical  Orchids  in  Space  Research,”  Tatyana  M.  Czerevczenko 
and  Irene  V.  Kosakovskaya  report  on  studies  of  growth  and  development  and 
physiological  changes  under  stress  of  six  tropical  epiphytic  and  terrestrial  orchids 
under  space  flight  conditions.  Methods  and  results  are  well  presented  in  a text 
which  includes  tables  and  illustrations. 

The  appendix  to  this  volume,  “Flowering  Months  of  Orchid  Species  Under 
Cultivation,”  compiled  by  Robert  M.  Hamilton,  presents  a 117-page  updated  list 
of  the  flowering  months  of  nearly  2000  species  of  orchids.  Hamilton’s  introduction 
includes  a list  of  synonyms  as  well  as  the  sources  of  his  data. 

As  in  previous  volumes,  the  editor  has  included  in  Volume  V a balance  of 
subjects  which  both  the  amateur  orchid  enthusiast  and  the  professional  botanist 
should  find  appealing;  it  is  hoped  this  balance  will  continue.  By  way  of  minor 
criticism,  more  careful  proofreading  would  have  avoided  the  identification  of 
plant  parts  illustrated  by  black  and  white  photographs  in  Chapter  2 by  reference 
to  their  color. 

FREDRICK  W.  WRIGHT,  JR.,  Volunteer,  Section  of  Botany. 
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INSTRUCTIONS  FOR  AUTHORS 


ANNALS  OF  CARNEGIE  MUSEUM  consist  of  con- 
tributions to  the  earth  sciences,  life  sciences  and  anthro- 
pology, in  30  by  46  picas  format  (127  by  195  mm  or  5 
by  TVs  inches).  Submit  all  manuscripts  to  the  Office  of 
Scientific  Publications.  Authors  should  give  particular 
attention  to  scientific  content,  format,  and  general  style 
for  the  ANNALS.  Manuscripts  that  do  not  conform  to 
the  style  of  the  ANNALS  will  be  returned  to  the  author 
immediately.  Every  manuscript  will  be  peer  reviewed  by 
at  least  two  outside  persons.  Authors  will  be  asked  to 
subsidize,  if  funds  are  available,  any  or  all  costs  of  pub- 
lication (approximately  $ 100/page  printed). 

Manuscript  5r>’/e’.— Articles  should  include  the  follow- 
ing items  in  this  order:  title  page,  abstract,  text  (with 
desired  headings),  acknowledgments,  literature  cited,  ta- 
bles, figure  captions,  and  copies  of  illustrations.  All 
manuscripts  must  be  typed  double-spaced  on  standard 
8‘/2  by  1 1 inch  white  bond  paper,  with  at  least  one  inch 
margins  all  around,  and  submitted  in  triplicate— 2Ln  orig- 
inal for  the  editors,  and  two  review  copies.  All  pages 
should  be  numbered,  including  tables,  literature  cited, 
and  the  list  of  figure  captions.  Only  correspondence  qual- 
ity or  better  dot  matrix  printouts  will  be  accepted;  draft 
mode  is  unacceptable.  A fixed-space  font  (e.g..  Courier) 
is  preferred. 

Title  Page.  The  title,  on  a separate  title  page  should 
be  brief,  include  the  animal  or  plant  group  involved,  and 
appear  two  to  three  inches  below  the  top  margin.  Include 
the  authors  name(s)  and  the  affiliations  of  non-CMNH 
authors.  In  the  case  of  multiple  authorship  indicate  the 
address  to  which  proofs  should  be  sent. 

Abstracts.  Abstracts  should  be  short,  double-spaced 
and  substantive  and  included  at  the  head  of  the  first  page 
of  text. 

Text.  Do  not  right  justify  text  or  break  (hyphenate)  a 
word  at  the  end  of  a line.  Footnotes  and  acknowledgments 
as  footnotes  are  unacceptable.  All  text  is  double-spaced. 

Tables  and figure  legends.  The  list  of  figure  legends  and 
each  table  should  be  typed  consecutively  on  individual 
pages  separate  from  the  text.  Tables  must  be  double- 
spaced throughout  with  no  vertical  lines. 

Abbreviations.  Refer  to  the  CBE  Style  Manual  for  cor- 
rect abbreviations.  Mammalian  dentition:  use  capital  let- 
ters (I,  C,  P,  M,  D,  for  incisor,  canine,  premolar,  molar, 
deciduous,  respectively)  and  superscript/subscript  num- 
bers (M^,  Pj)  to  designate  upper  and  lower  teeth. 

Measurements.  Metric  units  should  be  used,  if  possi- 
ble. 

Literature  Cited.  All  references  in  text  must  appear  in 
the  Literature  Cited  section.  The  data  (author,  date  and 
page)  in  both  citations  must  agree.  Do  not  abbreviate  the 
titles  of  periodicals  or  serials.  The  following  style,  double- 
spaced, should  be  used  in  Literature  Cited: 

1)  Two  authors  in  an  institutional  series: 

Matthew,  W.  D.,  AND  W.  Granger.  1923.  The 
fauna  of  the  Houldjin  Gravels.  American  Mu- 
seum of  Natural  History  Novitates,  no.  97: 
1-6. 

2)  Same  authors  repeated— use  three-em  dash: 

. 1923.  The  fauna  of  the  Ardyn  Obo  For- 
mation. American  Museum  of  Natural 


History  Novitates,  no.  98:1-5. 

3)  Same  authors  plus  a third  author— repeat  all  authors: 

Matthew,  W.  D.,  W.  Granger,  andG.  G.  Simpson. 
1 928.  Paleocene  multituberculates  from  Mon- 
golia. American  Museum  of  Natural  History 
Novitates,  no.  331:1-4. 

4)  Chapter  in  an  edited  volume: 

Rausch,  R.  L.  1 963.  A review  of  the  distribution 
of  Holarctic  mammals.  Pp.  29-43,  in  Pacific 
Basin  Biography  (J.  L.  Gressitt,  ed.).  Bishop 
Museum  Press,  Honolulu,  Hawaii,  xx  + 450 
pp. 

5)  Unpublished  dissertation: 

Smith,  J.  P.  1976.  Review  of  Eocene  mammals. 
Unpublished  Ph.D.  dissert..  University  of  Cal- 
ifornia, Berkeley,  302  pp. 

6)  Book: 

White,  M.  J.  D.  1961.  The  Chromosomes.  Me- 
thuen and  Co.,  Ltd.,  London,  120  pp. 

7)  Journal  articles  with  usual  volume  and  issue  number: 

Anderson,  W.  1.  1969.  Lower  Mississippian  con- 
odonts  from  northern  Iowa.  Journal  of  Pale- 
ontology, 43(4):9 16-928. 


Illustrations.  All  illustrations  will  be  called  figures,  and 
are  to  be  numbered  in  Arabic  numerals.  Three  sets  of 
illustrations  are  required,  one  (original  artwork)  for  re- 
production, two  for  reviewers.  Xerox  copies  of  photo- 
graphs for  reviewers  are  usually  not  acceptable  but  are 
adequate  for  line  drawing  review  copies.  All  illustrations 
must  be  reducible  to  a maximum  of  127  by  195  mm  (30 
by  46  picas)  without  loss  of  clarity.  Line  copy  should  be 
designed  for  reduction  to  % or  V2  of  actual  size.  Type- 
written illustration  copy  will  not  be  accepted.  Photo- 
graphic figures  should  be  submitted  at  actual  reproduc- 
tion size,  if  possible. 

Two  or  more  small  figures  should  be  combined  for 
reproduction  as  a unit  or  plate,  but,  if  feasible,  do  not 
combine  halftones  and  line  drawings.  Rectangular  half- 
tone figures  should  be  abutted,  without  intervening  spac- 
es. The  printer  will  insert  narrow  white  spaces  during  the 
reproduction  process.  Halftone  figures  with  solid  black 
backgrounds  will  not  be  accepted  unless  the  author  agrees 
to  pay  for  the  printing  costs.  All  plates  must  have  min- 
imally one  inch  borders  all  around.  Each  plate  should  be 
given  a protective  cover  and  identified  on  the  back  side. 

Lettering  and/or  a magnification  scale  (linear  metric 
scale)  for  rectangular  halftone  figures  should  be  placed 
directly  on  the  photo,  not  in  a blank  space  between  pho- 
tos. The  scale  or  lettering  for  closely  cropped  photos  can 
be  placed  in  blank  areas  close  to  the  figure. 

Proof.— The  author  should  answer  all  queried  proof 
marks  and  check  the  entire  proof  copy.  Return  corrected 
page  proof  with  the  edited  manuscript  promptly  to  the 
editors. 

If  an  author  chooses  to  make  extensive  alterations  to 
a paper  in  proof  stage  the  author  or  appropriate  section 
will  bear  the  cost.  Original  manuscripts  will  not  be  re- 
turned unless  requested.  Illustrations  will  be  returned  to 
the  author. 
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YANOMAMA  MATERIAL  CULTURE  IN  THE  CARNEGIE 
MUSEUM  OF  NATURAL  HISTORY.  PART  IIL  MISCELLANEOUS 
CONSTRUCTIONS  AND  FOREIGN  INFLUENCES 

Lorraine  Couture-Brunette* 

Collection  Manager,  Section  of  Anthropology 

Abstract 

The  Carnegie  Museum  of  Natural  History  has  one  of  the  largest,  most  inclusive,  and  best  documented 
collections  of  Yanomama  material  culture  in  the  world.  The  collection,  consisting  of  two  accessions 
comprising  572  specimens,  spans  a five-year  period  from  1979  to  1984.  This  corpus  of  material 
documents  not  only  traditional  Yanomama  material  culture,  but  also  shows  the  changes  it  has  un- 
dergone due  to  the  introduction  of  Western  goods  and  materials.  Part  III  deals  with  Miscellaneous 
Constructions  and  Foreign  Influence. 


Introduction 

The  Yanomama  Indians  of  South  America,  and  The  Carnegie  Museum  of 
Natural  History  collections  of  Yanomama  material  culture,  have  been  discussed 
in  more  detail  in  Parts  I and  II  of  this  series  (Couture-Brunette,  1985,  1986).  Part 
III  covers  the  Miscellaneous  Constructions  and  Foreign  Influences  segment  of  the 
collection.  As  was  the  case  in  the  two  previous  publications,  the  classification  of 
an  artifact  into  either  category  is  based  on  the  function  of  the  artifact,  regardless 
of  its  place  or  method  of  construction. 

It  was  impossible  to  explain  in  detail  all  of  the  manufacturing  terminology  and 
methods  (basketry,  cordage,  knots)  used  in  artifact  construction.  Standard  refer- 
ences were  used:  Emery  (1980)  when  discussing  the  cordage,  Adovasio  (1977)  for 
the  basketry,  and  Shaw  (1972)  for  knot  descriptions.  More  complete  descriptions 
of  the  cordage  can  be  found  in  Part  I of  this  series  (Couture-Brunette,  1985:492- 
495).  Numbers  for  the  types  of  cordage  and  letters  for  the  knots  will  be  used 
throughout  the  analysis  (see  Tables  1 and  2).  All  knots  are  illustrated  (Fig.  1). 

Ail  Yanomama  words  in  the  text  are  set  in  italics.  Spelling  follows  Saffirio 
(1980,  1985).  Due  to  the  large  number  and  geographic  extent  of  Yanomama 
languages  and  dialects,  these  words  are  specific  to  the  Catrimani  River  villages 
only. 


Miscellaneous  Constructions 

The  Miscellaneous  Constructions  category  covers  all  items  not  easily  confined 
to  one  of  the  other  categories.  Included  among  these  items  are  toys  and  materials- 
processing  equipment.  Also  included  are  some  objects  made  by  the  Yanomama 
at  Safiirio’s  request.  Many  of  these  latter  items  were  not  used  by  the  Indians. 


‘ Curator,  CAPR,  Arizona  State  Museum,  University  of  Arizona,  Tucson,  AZ  85721.  Present  address: 
AMS  Management  Systems  Deutschland  GmbH,  Am  Seestem  24,  4000  Diisseldorf  1 1 , Germany. 
Submitted  18  March  1988. 
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Table  — Cordage  types. 


Number 

Cordage  type 

Cordage  notation 

1 

single-ply  S twist  yamaasik  fiber 

s 

2 

single-ply  Z twist  yamaasik  fiber 

c 

z 

3 

two-ply  s spin  Z twist  yamaasik  fiber 

z 

s 

4 

two-ply  z spin  S twist  yamaasik  fiber 

S 

z 

'7 

5 

variable  number  of  s spin  yamaasik  fi- 

Z 

s 

L, 

bers,  final  Z twist 

s 

6 

variable  number  of  two-ply  s spin  Z 

s 

z 

plied  yamaasik  fibers,  final  S twist 

s 

7 

single-ply  S twist  cotton 

s 

8 

single-ply  Z twist  cotton 

c 

Z 

9 

two-ply  s spin  Z twist  cotton 

z 

o 

s 

10 

two-ply  z spin  S twist  cotton 

S 

z 

11 

variable  number  of  s spin  cotton  fibers, 

z 

s 

z 

final  Z twist 

12 

variable  number  of  z spin  cotton  fibers, 

S 

z 

final  S twist 

13 

variable  number  of  two-ply  s spin  Z 

s 

z 

s 

plied  cotton  yams,  final  S twist 

s 

14 

variable  number  of  three-ply  s spin  Z 

s 

plied  cotton  yams,  final  S twist 

S 

z 

s 

s 

15 

variable  number  of  two-ply  z spin  S 

z 

s 

z 

plied  cotton  yams,  final  Z twist 

z 

s 

z 

s 

16 

two-ply  s spin  Z plied  cotton,  final  Z 

Z 

twist 

z 

s 

s 

z 

s 

s 

s 

17 

two-ply  s spin  Z plied  cotton,  final  Z 

z 

twist 

s 

z 

s 

s 

s 

z 

z 

18 

two-ply  z spin  S plied  cotton,  final  S 

s 

twist 

s 

z 

z 

z 

s 

s 

s 

z 

s 

s 

19 

two-ply  s spin  Z plied  S plied  cotton, 

z 

final  Z twist 

z 

s 

s 

s 
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Table  \.— Continued. 


Number 


Cordage  type 


20  two-ply  s spin  Z plied  S plied  cotton, 
final  Z twist 


Cordage  notation 

z s 
s 

z 

s z 

z 


z 

z 

s z 

z 


s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 


Toys 

Yanomama  children’s  toys  have  been  divided  into  two  groups:  those  resulting 
from  foreign  influences  (model  airplanes  and  helicopters)  and  those  that  are  tra- 
ditional toys  among  the  Yanomama.  The  former  are  discussed  below  in  the  section 
Foreign  Influences;  the  data  on  the  latter  are  presented  here. 

WhirUa  gig  (apiao).— Yanomama  manufacture  several  types  of  children’s  toys, 
some  of  which  bear  resemblance  to  those  used  in  other  countries  and  cultures. 
The  first,  apiao  (Table  3),  is  similar  in  appearance  and  usage  to  an  American 
whirl-a-gig.  It  consists  of  a long  flat  wooden  blade,  pointed  at  both  ends,  to  which 
a string  is  tied.  The  other  end  of  the  string  is  tied  to  a short  piece  of  wood  which 
acts  as  a handle  (Fig.  2).  By  holding  the  handle  and  whirling  the  strung  blade 
rapidly  in  the  air,  a humming  noise  is  produced.  The  Yanomama  word  for  “air- 
plane” was  adopted  from  their  word  for  this  toy. 

Spinning  top  (kusamo).“-The  second  type  of  traditional  toy  also  has  parallels 
in  other  countries.  The  kusamo  (Table  4)  is  a spinning  top,  made  from  round 
nuts  or  gourds  pierced  by  a stick  (Fig.  3).  One  of  the  spinning  elements,  either 
the  gourd  or  one  of  the  nuts,  has  a hole  drilled  in  the  center  through  which  passes 
a string.  The  string  is  wrapped  around  the  center  stick,  and  a small  handle  is  tied 
at  the  opposite  end.  When  the  handle  is  pulled  rapidly,  the  toy  spins. 

Wooden  Children  make  toy  flutes  from  lengths  of  cane  in  imitation  of 

the  ritual  deer  bone  flutes  (Couture-Brunette,  1986:fig.  14)  used  by  men  during 
festivals.  The  cane  is  hollowed  and  one  side  flattened.  Two  to  three  holes  are 


Table  2.— Knot  types. 


Letter 

Knot 

Letter 

Knot 

A 

simple  overhand 

G 

granny  knot 

B 

figure  of  eight  with  the  bow  passing 

H 

lark’s  head 

through  the  bight 

I 

simple  overhand  noose  with  a half 

C 

simple  overhand  noose 

hitch 

D 

clove  hitch 

J 

half  hitch 

E 

simple  overhand  with  a half  hitch 

K 

half  hitch  noose 

F 

square  knot 

L 

wrap 

Fig.  1.  — Knots  used  by  the  Yanomama  (see  Table  2). 


drilled  in  the  flat  side  and  the  mouth  end  has  a “V”-shaped  notch  cut  into  the 
tip. 

32735-272,  two  holes  in  flat  side.  L— 23.0  cm. 

32735-273,  two  holes  in  flat  side.  L— 22.4  cm. 

32735-274,  three  holes  in  flat  side.  L— 22.6  cm, 

32735-275,  three  complete  and  one  partial  hole  in  flat  side.  L--22.1  cm. 
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Fig.  2.— Children’s  toy  whirl-a-gig  (apiao).  The  small  stick  is  held  and  the  blade  is  whirled  in  the  air. 
Accession  32735. 


Hatchet.— ThQ  last  traditional  children’s  toy  in  the  collection  is  a toy  hatchet 
made  from  a length  of  wood  and  an  animal  scapula.  One  end  of  the  wood  is  split 
lengthwise,  and  the  scapula  is  inserted  between  the  halves.  The  split  wood  is 
wrapped  tightly  with  unplied  yamaasik  fiber  to  hold  the  scapula  firmly  in  place. 

32703-36A,  collected  1979-80.  L-39.6  cm. 

32703-36B,  collected  1979-80.  L-38.3  cm. 

Plant  Parts  or  Constructions 

This  category  includes  miscellaneous  plant  materials  and  constructions.  Spe- 
cifically included  are  the  unprocessed  tree  bark  used  to  make  tump  lines,  bark 
hammocks,  and  baby  carriers;  the  spindles  used  to  spin  cotton;  and  burden  baskets 
made  from  vines.  The  balls  of  cotton  yam  for  women’s  aprons,  men’s  belts,  and 
cotton  hammocks  also  fall  into  this  category. 

Tree  bark  and  tump  lines  (rainathe).— Rolls  of  tree  bark  are  trimmed  and 
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Table  Z.  — Children’s  apiao. 


Accession 

number 

Cord- 

age 

Knots 

Blade 

Length  (cm) 

Stick 

String 

Decoration 

32735-118 

#3 

F(2) 

27.5 

7.7 

69.6 

one  side  painted  red,  other  black 

32735-119 

#4 

C,  J(2) 

32.5 

10.5 

73.8 

painted  red 

32735-120A 

#3 

F,  A 

25.4 

none 

76.9 

4 black  circles  painted  one  side 

32735-120B 

#3 

A, J(2) 

27.5 

none 

100.2 

black  design  painted  both  sides 

32735-120C 

#3 

A, J(2) 

26.5 

none 

83.0 

4 black  circles  painted  one  side 

32735-249 

#3 

J(2),  E,  A 

22.2 

12.5 

90.6 

none 

32735-250 

#3 

A(3),  J(2) 

27.4 

13.9 

70.5 

none 

32735-251 

#3 

A,  E,  J 

29.9 

13.2 

79.6 

none 

32735-252 

#3 

A(?),  J(2) 

36.4 

16.5 

63.6 

none 

32735-253 

#3 

A(2),  J,  F 

34.3 

12.6 

74.5 

one  side  painted  red 

32735-254 

#3 

A,  E,  J(2) 

32.3 

12.7 

59.6 

black  serpentine  lines  on  one  side 

32735-255 

#3 

E,  J(2) 

22.6 

13.7 

58.8 

black  serpentine  lines  on  one  side 

32735-256 

#3 

A,  E,  J,  G(2) 

32.5 

none 

82.5 

none 

32735-257 

#3 

A,  E,  J 

31.8 

none 

67.0 

blue  serpentine  dots  and  lines  on 
both  sides 

32735-258 

#3 

A,  E,  G 

24.1 

15.6 

11.5 

painted  black  and  red 

32735-259 

#3 

A(2),  H 

none 

18.3 

19.8 

none 

smoothed  by  the  Yanomama  for  use  in  bark  hammocks,  as  tump  lines,  or  as  baby 
carriers. 

32703”26B,  unmodified  roll  of  tree  bark.  W— 8.4  cm. 

32703-28,  same  as  32703-26B.  W--3.6  to  7.4  cm. 

32735-343,  same  as  32703-26B.  W—2.3  to  6.5  cm. 

The  tump  lines  are  made  by  women.  The  only  modification  involved  in  their 
manufacture  is  trimming  the  sides  so  that  the  width  of  the  band  is  approximately 
uniform  throughout  its  length.  These  are  used  for  carrying  heavy  loads  in  con- 
junction with  the  burden  basket  (Fig.  4). 

32735-238A,  tump  line.  L-230.3  cm,  W-6.3  cm. 

32735-238B,  same  as  32735-238A.  L-232.1  cm,  W-4.8  cm. 


Table  ^.  — Children’s  kusamo.  * Tufts  of  toucan  feathers  inserted  in  top  spinning  element. 


Accession  number 

Spinning  element 

Cordage 

Knots 

Length  (cm) 

32735-112 

3 nuts 

#3,  #9 

A,  E 

21.6 

32735-113 

3 nuts 

#3,  #9 

A(2?),  D 

21.4 

32735-114 

3 nuts 

#3 

J 

16.4 

32735-115 

3 nuts 

#9 

none 

17.4 

32735-116 

3 nuts 

#9,  #12(3) 

none 

20.3 

32735-117 

3 nuts 

#9 

E 

16.8 

32735-276 

3 nuts 

#3 

A,  B 

23.1 

32735-277 

3 nuts 

#3 

A,  B 

22.4 

32735-278 

3 nuts 

#3 

E 

21.3 

32735-279 

3 nuts 

#1,  #3 

D,J 

19.3 

32735-280 

3 nuts 

#3 

D 

21.4 

32735-281 

3 nuts 

#3 

A(2) 

29.7 

32735-282* 

3 nuts 

#3 

E,  F 

25.4 

32735-283* 

2 nuts 

#3 

A 

22.2 

32735-284* 

2 nuts 

#3 

J 

20.9 

32735-286 

1 nut  (broken) 

none 

none 

11.8 
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Fig.  3. —Toy  spinning  top  {kusamo).  Pulling  on  the  small  stick  unwinds  the  string  and  causes  the  top 
to  spin.  Accession  32735. 

Burden  baskets  (wii).— These  large  masik  vine  baskets,  made  by  women,  are 
used  for  carrying  heavy  loads  such  as  firewood  and  garden  produce,  or  household 
goods  and  foodstuffs  on  a journey.  They  are  carried  on  the  back  with  a tree  bark 
(rainathe)  or  yamaasik  fiber  tump  line. 

The  basket  construction  is  the  same  as  that  of  sieves  and  bowl  baskets  (Couture- 
Brunette,  1985).  This  includes  close  simple  twining  with  an  “S”  twist  stitch  slant 
(Fig.  5)  and  centers  either  two  over  two  in  a + ” or  one  over  one  in  an  “X.” 
Decoration  is  made  by  twining  with  differentially-dyed  wefts  or  by  painting  di- 
rectly on  the  basket  wall.  Standard  and  alternate  new  warp  insertions  (addition 
of  a new  weft  crossing  or  insertion  of  the  new  warp  end  in  one  or  more  pre- 
existing weft  crossings)  are  followed,  as  well  as  standard  weft  stitch  splices  which 
bind  the  new  weft  under  the  previous  stitch  crossing  on  the  inside  of  the  basket 
with  the  exhausted  weft  bound  under  the  next  stitch  crossing  on  the  inside.  There 
are  two  variations  to  this  standard  method;  variation  #1  has  the  new  stitch  stub 
protruding  on  the  outside  of  the  basket,  occasionally  bound  under  a bulging  stitch. 
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Fig.  4.— A bark  tump  line  (rainathe)  which  has  been  stitched  across  the  ends.  Lines  altered  in  this 
fashion  can  also  be  used  to  carry  babies  (Couture-Brunette,  1985:fig.  31,  32). 


while  the  exhausted  weft  protrudes  on  the  inside.  In  variation  #2,  the  new  and 
exhausted  wefts  begin  and  end  in  the  same  place  on  the  inside  without  binding 
under  stitches.  These  manufacturing  techniques  are  discussed  in  more  detail  in 
Couture-Brunette  (1985:517-525),  and  some  are  illustrated  in  Fig.  6. 

All  of  the  baskets  have  masik  vine  handles  at  the  rim.  Two  strands  of  the  vine 
are  twisted  together  and  woven  in  and  out  of  the  basket  wall,  producing  from  2 
to  12  handles  (Fig.  7).  The  handles  are  attached  to  the  basket  by  twisting  them 
around  the  topmost  reinforcing  rigid  weft.  The  ends  of  the  vine  are  usually  tied 
together,  but  are  occasionally  woven  back  on  themselves  into  the  basket. 

Many  of  the  baskets  have  attached  bark  or  yamaasik  fiber  tump  lines.  The  fiber 
lines  are  usually  tied  to  the  handles.  The  bark  lines  pass  between  the  handle  and 
the  basket  wall,  and  the  ends  are  then  tied  or  stitched  together  below  the  basket 
to  support  it  from  the  bottom  (Fig.  8,  9). 

All  of  the  baskets  have  one  or  two  courses  of  the  variant  wrapped  twining  which 
is  reinforced  by  a rod  on  the  inside  basket  wall  (see  Adovasio,  1977:18  for  the 
standard  version,  and  Couture-Brunette,  1985:fig.  21  for  the  variant)  at  the  rim 
as  well  as  rods  at  occasional  intervals  in  the  wall  to  support  the  basket  structure. 
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Fig.  5.— Stitch  slant  in  basketry.  This  illustration  is  rotated  90°  from  the  normal;  the  warps  here  are 
horizontal  rather  than  vertical  as  they  would  be  in  a properly  oriented  specimen. 


The  rim  is  finished  with  a course  of  twining  on  the  cut  warp  ends,  covered  by  a 
false  braid. 

Spindles  (ruhumas)  and  cotton  (rakamotok  puuxi  or  xinaru  u). — The  Yanomama 

cultivate  cotton,  and  spinning  the  yam  is  the  task  of  the  women.  They  use  a 
spindle  made  of  a stick  shaft  (Table  6).  The  whorl  is  a cup-shaped  piece  of  gourd 
which  is  pierced  by  a stick  approximately  two-thirds  of  the  way  down  its  length 
(Fig.  10).  The  starter  yam  is  tied  to  the  stick  just  above  the  whorl,  the  cotton  to 
be  spun  is  held  in  the  air  in  one  hand,  and  the  other  hand  twirls  the  spindle.  The 
top  of  the  shaft  has  another  small  stick  tied  to  it  at  a 30®  angle.  This  prevents  the 
spun  yam  from  slipping  off  the  end  of  the  shaft.  After  the  length  of  yam  is  tightly 


Fig.  6.— Yanomama  woman  making  a burden  basket  {wii). 


Table  5.— Burden  baskets.  * Inorganic  and  organic  debris  inside  and/or  outside;  # piece  of  cotton  string  tied  around  one  handle  in  knot  “F”;  f burned  and 
repaired.  Masik  vine  tied  with  knot  “A”  to  hold  three  rows  of  twined  wefts  and  two  rows  of  warps  together. 
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32735”! 59  2 over  2 alternate  95%  standard,  2.7  8,  tied  with  alternating  bands  of 

5%  var.  #1  “F”  (2)  purple  and  orange 

wefts 

32735-160  2 over  2 alternate  standard  5.4  10,  tied  with  none 


Table  5.  — Continued. 
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Fig.  7.— Burden  baskets  (wii)  showing  the  method  of  handle  attachment. 


Spun,  it  is  wrapped  around  the  stick  above  the  whorls  and  spinning  continues 
with  the  next  length  of  cotton  fibers  (Fig.  1 1). 

The  balls  of  cotton  yam  in  the  collection  were  divided  by  the  Yanomama  into 
two  types:  cotton  intended  for  use  in  women’s  aprons  {xinaru  u),  and  cotton 
intended  for  use  in  hammocks  {rakamotok  puuxi).  The  hammock  yam  is  cordage 


Table  6.— Spindles  fruhumasj.  * “Yam  twist”  refers  to  the  cotton  being  processed  on  the  spindle; 
“cordage”  refers  to  the  processed  yams  used  to  hold  the  small  stick  and  the  gourd  piece  on  the 

spindle. 


Accession  number 

Yam 

twist* 

Cordage 

Yam  width 
(cm) 

Gourd  width 
(cm) 

Length 

(cm) 

32703-46A 

s 

unknown  cotton;  #8 

0.06 

5.7 

25.7 

32703-46B 

s 

#1 

0.05 

5.2 

33.4 

32703-46C 

s 

unknown;  #1 

0.07 

7.4 

31.8 

32703^460 

s 

#9(7);  vine  or  bark  fiber 

0.03 

5.8 

30.5 

32735-10 

s 

#1 

unknown 

6.9 

29.8 

32735-11 

s 

cotton(?);  unplied  curawa 

0.10 

6.7 

25.9 

32735-12 

s 

#1 

unknown 

6.7 

32.4 

32735-13 

s 

unknown 

0.07 

5.8 

33.2 

32735-14 

s 

unplied  curawa 

0.10 

6.9 

28.4 

32735-15 

s 

cotton(?);  unplied  curawa 

0.07 

6.2 

29.0 

32735-16 

s 

unknown;  unplied  curawa 

0.09 

6.3 

30.3 

32735-17 

s 

unplied  curawa 

0.18 

7.6 

32.4 

32735-18 

s 

unplied  curawa 

0.09 

7.0 

25.4 

32735-19 

s 

unknown 

0.06 

5.5 

26.9 
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Fig.  8.  — Burden  basket  {wii)  with  an  attached  fiber  tump  line. 


Table  l.—Fans  fxohemaj.  * This  category  presents  the  relative  percentage  of  shifts  to  the  normal  2:2 

pattern  of  plaiting. 


Accession 

number 

Frond  width 
(cm) 

Shifts* 

Cordage 

Knots 

Length 

(cm) 

Width 

(cm) 

32703-45A 

0.5  to  1.0 

shifts  = pattern 

#1 

A,  E 

37.2 

27.6 

32703-45B 

0.3  to  1.0 

shifts  > pattern 

#1 

A,  E 

39.9 

30.6 

32703-45C 

0.3  to  0.5 

shifts  = pattern 

#1 

A,  J 

27.5 

19.9 

32703-45D 

0.4  to  1.1 

shifts  = pattern 

#1 

A,  E,  H 

39.6 

29.4 

32703-45E 

0.5  to  0.9 

shifts  > pattern 

#1 

A,  E,  H 

37.3 

26.0 

32735-2 

0.3  to  0.9 

shifts  = pattern 

#1 

A,  E,  G 

29.9 

24.3 

32735-3 

0.5  to  1.0 

shifts  = pattern 

#1 

A,  F,  G,  J 

35.1 

27.5 

32735-4 

0.4  to  1.0 

shifts  = pattern 

#1 

A,E 

35.9 

28.8 

32735-5 

0.7  to  1.0 

shifts  > pattern 

#1 

A,  E 

32.6 

25.0 

32735-6 

0.5  to  1.3 

shifts  = pattern 

#1 

A,  E,  G 

34.5 

28.0 

32735-7 

unknown 

shifts  = pattern 

#1 

A,  E,  H 

32.8 

26.9 

32735-8 

unknown 

shifts  = pattern 

#1 

A,  E,  F,  J,  L 

37.6 

32.2 

32735-308 

0.3  to  0.9 

shifts  > pattern 

#1 

A,  H 

25.5 

21.1 
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Fig.  9.  — Yanomama  women  using  the  burden  basket  {wii)  and  bark  tump  line  (rainathe)  to  carry 
firewood. 


Fig.  10.— -Spindles  (ruhumas)  and  ball  of  cotton  for  use  in  women’s  aprons  {xinaru  u).  Accession 
32735. 
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Fig.  1 l.-=Yanomama  girl  spinning  cotton  on  a spindle  (ruhumas). 


type  #12(3).  One  of  the  apron  yam  balls  is  also  type  #12(3),  and  the  other  three 
are  type  #9.  The  difference  between  the  two  types  is  the  average  width  of  the  yam. 
The  hammock  yam  has  an  average  width  of  0.25  cm,  and  the  apron  yam  is  much 
finer  at  only  0.11  cm. 

32735-266,  yam  for  hammock.  Cordage  type  #12(3),  average  plied  yard  width  0.25  cm.  D (ball)— 
12.1  cm. 

32735-267,  yam  for  apron.  Cordage  type  #9,  average  plied  yam  width  0.10  cm.  D (ball)— 8.9  cm. 

32735-268,  yam  for  apron.  Cordage  type  #9,  average  plied  yam  width  0.13  cm.  D (ball)— 6.8  cm. 

32735-269,  yam  for  apron.  Cordage  type  #9,  average  plied  yam  width  0.10  cm.  D (ball)— 5.4  cm. 

32735-270,  yam  for  apron.  Cordage  type  #12(3),  average  plied  yam  width  0.12  cm.  D (ball)— 5.5  cm. 

Fans  (xohema).— Yanomama  manufacture  plaited  fans  from  a variety  of  palm 
fronds  collected  in  the  forest.  Although  fronds  are  collected  by  both  men  and 
women,  only  women  manufacture  the  fans. 

The  fans  are  shaped  like  a pentagon,  with  the  handle  at  the  apex  (Fig.  1 2).  The 
construction  method  is  the  same  for  all  fans.  The  fronds  are  gathered  into  a bundle 
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Fig.  12.” Plaited  fans  {xohema).  Accession  32735. 


which  forms  the  right  side  of  the  handle.  The  bundle  is  wrapped  with  cordage 
type  #1,  and  fronds  are  folded  out  from  the  bundle  in  a 90°  self-salvage  as  plaiting 
proceeds  up  the  side  of  the  fan.  When  the  desired  fan  widths  and  lengths  are 
reached,  the  fronds  are  turned  in  another  90°  self-salvage  and  replaited  into  the 
body.  As  the  fronds  are  folded  into  the  left  side  of  the  handle,  they  are  again 
gathered  into  a bundle.  This  bundle  is  split  around  the  right  side  of  the  handle 
and  all  fronds  are  securely  wrapped  and  tied  with  cordage  type  #1. 

Plaiting  is  2:2,  but  in  Table  7 it  can  be  seen  that  shifts  are  frequent,  sometimes 
outnumbering  the  pattern. 

Wooden  penis  (pey  mosi  aka).— 

32703-42,  made  by  the  Yanomama  in  1980  for  the  collector.  It  is  carved  of  wood  and  painted  red 
with  urucu.  L— 16.4  cm. 

Unknown  construction.  — 

32735-271,  possibly  part  of  a children’s  toy.  Two  pieces  of  flat  wood,  one  inserted  through  a hole  in 
the  other.  L“7.6  cm,  W=-8.0  cm. 


Animal  Parts 

Many  animal  parts  are  used  by  the  Yanomama  for  miscellaneous  purposes. 
Those  used  for  manufacture  of  specific  items,  such  as  the  peccary  jaws  used  in 
bow  manufacture,  are  discussed  in  Parts  I and  II  (Couture-Brunette,  1985,  1986). 
Some  of  the  animal  parts  discussed  here  are  of  no  use  to  the  Yanomama,  but 
were  gathered  by  them  for  the  collector. 

Piranha  jaws  (takinak).— These  unmodified  piranha  jaws,  with  the  teeth  intact, 
are  used  to  trim  hair. 
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32703-1  lA,  from  Motoxim  of  Opiktheri  village  (at  km  132  of  Highway  BR  210),  January  1980.  L— 

4.0  cm,  W~5.5  cm. 

32703-1  IB,  same  as  32703-1  lA.  L~4.5  cm,  W---3.5  cm. 

32703-1 1C,  same  as  32703-1  lA.  L— 4.9  cm,  W--4.6  cm. 

32703-1  ID,  same  as  32703-1  lA.  L--4.8  cm,  W-3.9  cm. 

32703-1  IE,  same  as  32703-1  lA.  L-— 4,1  cm,  W— 3.2  cm. 

32703-1  IF,  same  as  32703-1  lA.  L— 3.7  cm,  W— -2.8  cm, 

32703-1 IG,  same  as  32703-1  lA,  L— 4.4  cm,  W— 3.6  cm. 

32735-48,  collected  1983.  L— 4.2  cm,  W-=4.6  cm. 

Anaconda  skin  (okanimotok). — 

32703-32,  rolled  skin  from  km  144  of  Highway  BR  210.  Collected  1976-77,  Probably  killed  by  the 

Yanomama  and  treated  by  them.  Of  no  use  to  the  Yanomama;  given  to  collector.  W~'30.0  cm. 

Howler  monkey  sounding  chambers  (iro  kutuk).— 

32703- 18 A,  from  Marokoy  of  Maxikopiutheri  Village,  December  1979.  Of  no  use  to  the  Yanomama; 

hunters  saved  these  for  collector.  L— 10.5  cm,  W— 5.4  cm. 

32703-18B,  same  as  32703-18A.  L~11.0  cm,  W-5.9  cm. 


Foreign  Influences 

The  effects  of  foreign  influence,  both  by  Western  culture  and  by  other  indigenous 
Indian  groups,  on  Yanomama  material  culture  have  been  substantial.  Some  tra- 
ditional items  such  as  clay  pots  and  seed  necklaces  are  being  phased  out  com- 
pletely, while  others  including  certain  toys,  metal  necklaces,  and  earrings  are  new 
introductions.  An  interesting  modification  can  be  seen  in  the  manufacture  and 
use  of  bowl  baskets.  Although  these  are  household  items  (Couture-Brunette,  1985), 
the  Yanomama  have  adapted  them  for  sale  to  tourists  by  painting  the  entire  basket 
red  with  urucu  and  adding  black  designs.  Although  no  longer  suitable  for  everyday 
use,  they  are  now  much  more  attractive  to  tourists  than  the  traditional  Yanomama 
basket. 


Toys 

A number  of  Yanomama  children’s  toys  represent  the  direct  results  of  Western 
contact.  Cars  and  airplanes  are  sights  now  familiar  to  some  Yanomama  and  they 

make  toy  representations  of  these  for  the  children  (Fig.  13).  Traditional  toys  are 
still  made  as  well. 

Toy  cars  (karo).— 

32735-193,  owned  by  Ixupi,  made  of  wood  and  aluminum.  The  body  is  pointed  at  both  ends,  and 
has  two  areas  which  have  been  hollowed  out  (one  in  front  of  the  other,  representing  front  and 
back  seats).  The  wheels  are  also  carved  of  wood  with  pieces  of  blue  foam  rubber  on  the  outside 
of  each  axle.  Axles  are  bent  at  the  ends  to  hold  the  wheels  on.  Pull  string  of  type  #3  cordage  tied 
to  car  with  knots  “E”  and  “A.”  L— 34.0  cm,  W— 18.5  cm. 

32735-262,  made  of  wood,  trade  cloth,  and  aluminum.  The  body  is  flat  at  both  ends  and  has  one  area 
which  has  been  hollowed  out.  The  four  wheels  are  carved  out  of  green  foam  rubber  which  is 
orange  on  one  side.  Pieces  of  black  and  blue  foam  rubber  hold  the  wheels  onto  wooden  axles, 
one  of  which  is  broken.  Metal  plates,  held  on  with  twine,  adorn  the  front  of  the  car.  L--35.4  cm, 
W-7.3  cm. 

Toy  canoes  (uhika).“The  Yanomama  consider  water  as  no  more  than  a barrier. 
It  is  not  a primary  source  of  food,  and  they  do  not  use  it  for  transportation.  They 
construct  flimsy  bark  canoes  for  very  short  river  trips,  but  toy  and  real  dugout 

canoes  are  a recent  innovation.  In  southern  Venezuela,  dugouts  were  introduced 
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Fig.  13.— Toy  dugout  canoe  (uhika)  and  toy  car  {hard). 


by  the  neighboring  Yekuana  in  the  mid  1960s  (J.  Frechione,  personal  commu- 
nication). 

32735-192,  made  of  wood  carved  into  a canoe  shape.  The  center  area  is  hollowed,  with  three  pieces 
of  wood  placed  crosswise  to  act  as  seats.  L— 35.6  cm,  W— 6.2  cm. 

32735-260,  owned  by  Manilo.  Made  of  wood  carved  into  a canoe  shape.  The  interior  has  been  burnt 
out.  L— 21.5  cm,  W— 5.0  cm. 

Toy  airplanes  (apiao).“-Toy  airplanes  (apiao)  are  crudely  made  with  varying 
numbers  of  pieces  and  shapes.  There  is  much  variation  in  construction  technique. 
Generally  the  body  is  cigar-shaped  with  a hole  at  the  nose  end  for  the  propeller, 
two  slits  along  the  midsection  for  the  wings,  and  two  slits  at  the  end  for  vertical 
and  horizontal  tail  elements.  Three  to  four  wooden  sticks  are  placed  in  the  belly 
for  the  airplane  to  stand  on,  simulating  ''landing  gear.”  According  to  one  source, 
the  word  for  “airplane”  is  taken  from  the  name  for  the  traditional  children’s  whirl- 
a-gig  {apiao),  which  is  twirled  around  the  head  to  produce  an  airplane  noise  (G. 
Saffirio,  personal  communication).  The  Portuguese  word  for  “airplane”  is  aviao. 

32735-85A,  main  body:  wood,  rounded  oval  with  flatter  vertical  tail  section.  Grooved,  with  slit  cut 
through  body  for  tail  piece  (C)  to  be  horizontally  inserted.  Purple  lines  painted  on  body.  L— 64.0 
cm. 

32735-85B,  two  wings:  aluminum,  one  with  hole  near  end.  Fit  into  slits  in  the  body  sides.  L— 20.4 
and  17.6  cm,  W— (both)  9.8  cm, 

32735-85C,  tail  piece:  fits  horizontally  into  cut  slit  on  top  of  body  forward  of  tail.  Aluminum.  L— 
23.0,  W-10.9  cm. 

32735-85D,  propeller:  aluminum  strip  with  hole  in  center.  L— 15.4  cm,  W— 4.0  cm. 

32735-85 E,  wooden  propeller  stick:  fits  through  hole  in  metal  propeller  and  sticks  into  hole  in  nose 
of  main  body.  Cone-shaped  point.  L— 14,8  cm. 

32735-85F,  four  wooden  sticks:  “landing  gear”  for  airplane,  which  stick  in  holes  in  main  body  belly. 
L— 13.5,  13.2,  14.0,  and  12.5  cm. 

32735-86A,  main  body:  rounded  oval  piece  of  wood.  L— 52.8  cm,  W— 9.4  cm,  H--12.0  cm. 
32735-86B,  two  wings:  aluminum  with  red  painted  designs  of  circles  and  straight  and  curved  lines. 

Fit  into  slits  on  sides  of  main  body.  L— 25.0  and  20.2  cm,  W— 10.8  and  1 1.0  cm. 

32735-86C,  tail  piece:  aluminum  with  same  painted  designs  as  wings.  Fits  vertically  into  slit  on  top 
of  tail  end  of  main  body.  L— 10.6  cm,  W— 7.7  cm. 
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32735-86D,  two  propellers:  thin  aluminum  strips  with  holes  in  center.  L— 15.2  and  12.5  cm,  W— 3.7 
and  4.0  cm. 

32735-86E,  wooden  propeller  stick:  fits  through  holes  in  propeller  and  sticks  in  nose  of  main  body. 

Unpointed.  L—  1 1.0  cm. 

32735-86F,  three  wooden  sticks:  “landing  gear”  for  airplane,  which  stick  in  holes  in  main  body  belly. 
L— 10.0,  10.7,  and  12.5  cm. 

327 3 5-3 36 A,  main  body:  cigar-shaped  piece  of  wood  with  grooves  cut  out  on  top  for  the  tail  and 
wings,  and  a slit  through  the  center  of  the  tail  for  the  rudder.  Various  holes  in  the  belly  and  nose 
for  propellers  and  feet.  Rudder  (removable)  is  in  place  in  the  slit.  L— (body)  27.5  cm,  L— (rudder) 
9.8  cm. 

32735-336B,  wooden  wing:  one  long  piece  with  three  holes  in  the  top  center,  left,  and  right;  the  one 
in  the  center  goes  all  the  way  through  the  wing.  L— 37.3  cm. 

32735-336C,  wooden  tail:  inserts  vertically  in  tail  slit  above  rudder.  L— 8.8  cm. 

32735-336 D,  two  propellers:  wooden  sticks  with  points  on  one  end  and  balls  of  wood  (?)  on  the  other. 
Piece  of  cut  metal  with  hole  in  center  is  on  each  stick.  The  sticks  are  placed  in  the  leading  edge 
(center)  of  each  side  of  the  wing.  L— (stick)  5.5  cm,  L— (metal  blade)  7.5  cm. 

32735~336E,  front  propeller?:  same  stick  with  ball  on  end,  but  no  metal  blade.  There  is  a hole  in  the 
nose  for  a propeller;  possibly  the  metal  piece  is  gone.  L— 5.5  cm. 

32735-336F,  feet:  two  wooden  sticks  shaped  like  “e.”  L— 10.5  cm. 

32735-336G,  three  sticks:  two  are  pointed  on  both  ends;  the  other  is  pointed  on  one  end.  They  may 

go  in  the  top  center,  right,  and  left  of  the  wing  for  unknown  purposes.  The  center  hole  in  the  wing 
goes  through  completely;  it  is  possible  one  stick  passes  through  the  wing  to  attach  it  to  the  body. 
L— 8.5  cm. 

Toy  helicopter  (hericotero).“-The  toy  helicopter  (hericotero)  is  made  much  the 
same  as  the  toy  airplanes.  The  Yanomama  word  for  “helicopter”  is  borrowed 
from  the  Portuguese  (which  is  borrowed  from  French).  The  Yanomama  have  no 
word  in  their  language  for  such  a machine. 

32735-287,  owned  by  Tixo.  Wooden  body  painted  orange  and  black;  hole  in  nose  and  slit  in  tail.  L— 
48.9  cm,  W— 5.8  cm.  Aluminum  propeller  blade.  L— 28.9  cm,  W— 2.6  cm.  Rounded  wooden 
dowel  fits  through  hole  in  aluminum  propeller  and  sticks  in  nose  of  body.  L— 9.7  cm.  Small  flat 
wood  piece  fits  in  horizontal  tail  slit.  L— 1 1.1  cm,  W— 4.0  cm.  Three  wooden  sticks  insert  into 
belly  of  body  to  serve  as  legs.  L— 16.4,  15.8,  and  15.3  cm. 

Wearing  Apparel 

Sandals  (xinero).— Yanomama  wear  no  foot  coverings  in  the  forest.  Walking 
along  roads,  however,  is  harder  on  their  feet  and  they  have  copied  the  Western 
idea  of  footwear  for  this  purpose.  They  use  a rigid  piece  of  wood  for  the  sole, 
usually  rectangular  in  shape,  and  attach  fiber  or  bark  cordage  to  two  sides  and 
between  the  first  and  second  toes  much  in  the  manner  of  “thongs”  (Fig.  14). 

32735-1  lOA&B,  owned  by  Pedro.  Sole:  rectangular  piece  of  wood  cut  from  a tree  along  the  grain. 
Semicircular;  sides  curl  up.  Bark  still  intact  on  the  sole;  unworn.  Three  holes:  one  at  toe  and  one 
midway  along  each  side.  Cordage:  single  ply  bark  threaded  through  holes  and  secured  on  the  other 
side  with  knot  “A.”  (A)  L— 27.0  cm,  W— 6.3  cm;  (B)  L— 27.2  cm,  W— 7.0  cm. 

32735-11  lA&B,  owned  by  Pedro.  Same  as  32735-1  lOA&B  except  that  the  toe  hole  cordage  is  secured 
by  knot  “F.”  (A)  L-28.0  cm,  W-8.0  cm;  (B)  L-29.5  cm,  W-7.4  cm. 

32735-26  lA&B,  owned  by  Tixo.  Sole:  flat  pieces  of  wood  cut  in  shape  of  foot.  Three  holes:  one  at 
toe  and  one  midway  along  each  side.  Cordage:  three-ply  bark,  braided.  Threaded  through  holes; 
secured  with  knot  “A.”  (A)  L— 26.0  cm,  W— 8.7  cm;  (B)  L— 26.0  cm,  W— 8.9  cm. 
32735-335A&B,  same  as  32735-261A&B.  (A)  L~27.0  cm,  W-9.5  cm;  (B)  L-27.0  cm,  W-9.6  cm. 
32735-340A&B,  owned  by  Pedro.  Same  as  32735-1  lOA&B  except  that  sides  are  not  as  curled  and 
toe  hole  knot  is  “G.”  (A)  L~30.1  cm,  W— 8.2  cm;  (B)  L— 30.6  cm,  W— 7.6  cm. 

Jewelry. category  includes  all  jewelry  made  with  trade  beads.  Beads  are 
strung  on  cotton  or  fiber  and  pieces  of  metal,  shells,  animal  parts,  or  feathers  are 
added  for  additional  decoration.  In  general,  men  wear  necklaces  made  of  animal 
parts  from  creatures  they  have  killed,  and  women  wear  bead,  seed,  shell  or  feather 
necklaces  (Fig.  15).  The  Yanomama  rarely  make  their  traditional  seed  necklaces 
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Fig.  14.  — Sandals  {xotehe),  foot  surface  and  underside.  These  are  used  when  walking  along  the  road. 
Accession  32735. 


today  (Couture-Brunette,  1986:fig.  3)  due  to  the  popularity  and  increasing  abun- 
dance of  trade  beads.  The  names  for  the  necklaces  are  based  on  the  animal  or 
principal  component  from  which  the  necklace  was  made. 

Earrings  (xitikarikib)  are  often  made  of  trade  beads  and  metal  (Table  8),  although 
traditional  feather  earrings  are  still  popular.  The  metal  pieces  are  scrap  aluminum 
from  the  highway  crews  or  miners,  and  are  used  in  a variety  of  shapes  and  sizes 
(Fig.  16).  Brazilian  coin  earrings  (mareaxi)  are  made  as  well. 

32735-22,  man’s  necklace,  xip  wakanahasik.  Three  loops  of  white  beads  on  cordage  type  #9  with  giant 
armadillo  nail  pendant.  Hole  through  nail  threaded  with  cordage  type  #3  tied  with  knots  “G” 
and  “A.”  L (necklace  including  nail)— 49.8  cm,  L (nail)— 13.4  cm. 

32735-24,  man’s  necklace,  thihinak,  owned  by  Awrimb.  White  beads  strung  with  1 1 jaguar  teeth  on 
cordage  type  #18  and  tied  in  knots  “A”  and  “E.”  L— 35.7  cm. 

32735-23,  woman’s  necklace,  susi-uhakik.  Double  loop  of  blue  and  white  beads  threaded  on  cordage 
type  #3.  The  loops  are  tied  together  in  knots  “A”  and  “G(?).”  L— 32.3  cm. 

32735-33,  woman’s  necklace,  huhakik  sitipasik.  Red,  green,  white,  and  blue  beads  strung  on  nylon 
monofilament  line  tied  with  knot  “A”  at  each  end.  Two  shell  pendants  dangle  from  necklace 
strung  on  cordage  type  #1 . Pendants  tied  to  necklace  with  cordage  type  #3  in  knots  “H”  and  “C.” 
L— 63.5  cm. 

32734-35A&B,  woman’s  necklaces,  huhakik  sitipasik.  Red,  white  and  blue  beads  with  four  toucan 
feathers  as  a pendant.  Feather  ends  are  wrapped  in  metal.  Strung  on  cordage  type  #9  and  tied  in 
knot  “A.”  (A)  L-43.7  cm,  (B)  L-41.4  cm. 

32735-36  woman’s  necklace?,  uhak.  Cordage  type  #13(5)  dyed  red  with  urucu.  Neck  loop  tied  in  knot 
“G”  with  two  pendants.  Four  sickle-shaped  metal  earrings  tied  to  sticks  with  cordage  type  #3 
and  three  sickle-shaped  metal  earrings  with  one  triangular  metal  earring  tied  to  sticks  with  same 
cordage  form  the  pendants.  These  are  tied  to  the  necklace  by  knots  “E”  (4),  “H,”  and  “G”  (2). 
L— 60.0  cm. 

Miscellaneous  Plant  Constructions 

Painted  bowl  baskets  (xotehe). —Although  bowl  baskets  are  a household  item, 
these  four  baskets  were  produced  for  the  tourist  trade.  They  would  not  be  used 
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Fig.  15.  ““Necklaces  made  of  trade  beads,  scrap  aluminum,  feathers  and  jaguar  teeth.  From  left,  two 

women’s  necklaces  with  feathers  {huhakik  sitipasik),  woman’s  necklace  of  beads  {susiuhakik),  and 

man’s  necklace  with  jaguar  teeth  {thihinak).  All  are  accession  32735. 


by  the  Yanomama.  Although  they  are  made  of  the  same  masik  vine,  they  are 
painted  red  with  urucu.  This  rubs  off  at  the  lightest  touch  and  makes  them  im- 
practical to  use. 

As  in  the  regular  bowl  baskets  (Couture-Brunette,  1985:517-525),  these  are 
close  simple  twining  (clockwise  with  an  “S”  twist  stitch  slant),  the  normal  two- 
over-two  center,  the  standard  splices,  and  the  new  warp  inserted  in  new  weft 
stitches.  Twining  is  again  initiated  by  folding  the  weft  in  half  over  one  of  the 
center  warps.  The  rims  have  two  rows  of  wrapped  twining  over  extra  rigid  wefts 
on  the  inside  for  reinforcement,  although  in  this  case  all  of  the  paired  elements 
to  the  rigid  wefts  are  semirigid  wefts  on  the  outside.  The  rims  are  finished  with 
a false  braid  over  a row  of  twining  on  the  cut  warp  ends  as  in  the  regular  bowl 
baskets.  Thus,  they  are  constructed  the  same  as  the  everyday  Yanomama  bowl 
basket  but  are  decorated  specifically  for  tourists  (Fig.  1 7). 
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Fig.  16.— Young  girl  wearing  trade  bead  and  metal  earrings  (xitikarikib). 


Fig.  17.  — Bowl  baskets  (xotehe).  These  specimens  have  been  decorated  for  tourists  by  painting  them 
with  urucu. 
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32735-305,  decoration:  black  dots  in  random  orientation  all  over  the  bowl.  D— 26.3  cm,  H— 9.5  cm. 
32735-306,  decoration:  17  black  circles  each  with  a black  dot  in  the  center.  D--26.5  cm,  H— 9.5  cm. 
32735-307,  decoration:  4 black  circles,  6 black  dots,  and  4 black  serpentine  lines.  D— 28.0  cm,  H— 
8.0  cm. 

32735-309,  decoration:  14  black  circles.  D~35.5  cm,  H— 10.5  cm. 

Ashtrays.— BmziX  nut  pods,  halved  but  not  further  modified,  are  used  as  ashtrays 
by  the  Yanomama.  According  to  one  source,  these  are  a recent  development  as 
tobacco  traditionally  was  only  sucked  or  chewed  (Frechione,  personal  commu- 
nication). 

32735-326,  unmodified,  halved  Brazil  nut  pod.  D— 12.0  cm,  H— 5.9  cm. 

32735-327,  same  as  32735-326.  D-13.2  cm,  H-6.8  cm. 
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SIREN  LACERTINA  (AMPHIBIA:  CAUDATA)  IN 
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Abstract 

Our  study  of  the  external  morphology  and  reproductive  condition  of  some  of  the  paratypes  of  Siren 
intermedia  texana  (USNM),  as  well  as  other  Texas  specimens,  prompts  us  to  conclude  that  two  distinct 
species  occur  in  Texas,  S.  intermedia  and  S.  lacertina.  Siren  intermedia  texana  is  placed  in  the 
synonymy  of  S.  i.  nettingi.  The  presence  of  Siren  lacertina  is  confirmed  for  southern  Texas  and 
Matamoros,  Tamaulipas,  Mexico. 


Resumen 

La  revision  de  algunas  de  las  caracteristicas  morfologicas  extemas  y la  condicion  reproductiva  de 
algunos  de  los  paratipos  de  Siren  intermedia  texana,  depositados  en  el  USNM,  nos  permite  concluir 
que  hay  dos  especies  distintas  en  Texas,  S.  intermedia  y S',  lacertina.  Siren  intermedia  texana  se  ubica 
como  sinonimo  de  S.  i.  nettingi.  Se  confirma  la  presencia  de  S.  lacertina  para  el  sur  de  Texas  y 
Matamoros,  Tamaulipas,  Mexico. 


Introduction 

During  a study  of  the  salamanders  of  the  genus  Siren  (Brandon  and  Flores 
Villela,  in  prep.),  we  examined  eight  female  specimens  from  the  United  States 
National  Museum  of  Natural  History  collection  that  included  five  paratypes  of 
Siren  intermedia  texana  Goin,  1957  (USNM  4048^^3  specimens,  USNM  10853, 
USNM  10855)  and  three  additional  specimens  (USNM  78484-78486).  The  snout- 
vent  lengths  (SVL)  of  these  females  and  the  condition  of  their  gonads  characterize 
two  size  classes  (Table  1);  two  sexually  mature  females  are  more  than  350  mm 
SVL,  and  six  females  (at  least  two  sexually  mature)  are  less  than  260  mm  SVL. 
Clearly  these  specimens  represent  two  different  species.  The  six  smaller  specimens 
(USNM  4048-2,  4048-3,  10855,  78484-78486)  are  Siren  intermedia',  the  two 
larger  ones  (USNM  4048-1,  10853)  are  S.  lacertina.  Both  species  are  represented 
among  the  paratypes  of  S.  intermedia  texana  (Table  1). 

Discussion 

Noble  and  Marshall  (1932:5)  provided  data  on  three  Siren  from  Maverick 
County,  Texas  (USNM  10853,  10857,  and  10861),  recognizing  the  first  two  spec- 
imens as  S.  lacertina  and  the  last  as  S.  intermedia.  Noble  and  Marshall  (1932) 
recognized  two  species  of  Siren  from  localities  west  of  the  Mississippi  Valley,  one 
reaching  sexual  maturity  at  195-272  mm  SVL  (intermedia),  and  the  other  sexually 
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2 Dept,  of  Zoology,  Southern  Illinois  University,  Carbondale,  Illinois  62901-6501. 
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Table  Data  for  female  Siren  from  southern  Texas  and  Mexico  (M  = mature,  I = immature;  P = 

paratype  of  S.  i.  texanaj. 


USNM 

no. 

SVL 

Costal 

grooves 

Mean 

egg 

size 

Repro- 

ductive 

condition 

Species 

Locality 

4048-1  P 

363 

37 

2.3 

M 

lacertina 

Tamaulipas,  Mexico 

4048-3  P 

135 

37 

0.44 

I 

intermedia 

Tamaulipas,  Mexico 

4048-2  P 

185 

35 

0.4 

I 

intermedia 

Tamaulipas,  Mexico 

10853  P 

279* 

35-36 

2.2 

M 

lacertina 

Upson,  Maverick  Co.,  Texas 

10855  P 

119 

? 

0.26 

I 

intermedia 

Cameron  Co.,  Texas 

78484 

139 

35 

0.98 

M 

intermedia 

Victoria,  Texas 

78484 

112 

32 

0.3 

I 

intermedia 

Victoria,  Texas 

78486 

161 

35 

0.48 

M 

intermedia 

Victoria,  Texas 

* Our  measurement  of  this  specimen  differs  from  that  of  Noble  and  Marshall  (1932:5). 


mature  at  over  400  mm  SVL  (lacertina).  Also,  the  number  of  costal  grooves  of 
the  smaller  species  is  31-35,  rarely  36,  and  the  number  of  costal  grooves  in  the 
larger  species  is  36-39.  Finally,  egg  diameter  in  -S.  intermedia  is  no  more  than 
2.5  mm,  and  in  S.  lacertina  it  reaches  3 mm.  These  differential  characters  were 
not  based  exclusively  on  Texas  material. 

These  characters  also  separate  the  USNM  specimens  from  southern  Texas  and 
Mexico  into  two  groups.  Thus  we  conclude  that  two  species,  intermedia  and 
S.  lacertina,  occur  together  in  the  Rio  Grande  Valley  of  southern  Texas  and 
northern  Mexico.  Brown  (1950)  tentatively  assigned  the  large  Siren  of  the  Rio 
Grande  Valley  to  S.  lacertina.  The  distribution  of  S.  lacertina  in  the  Rio  Grande 
drainage  extends  from  Brownsville,  Texas,  and  Matamoros,  Mexico,  upstream  to 
Maverick  County,  Texas.  The  only  Texas  records  are  from  Cameron,  Duval, 
Maverick,  and  Victoria  counties  (Brown,  1950).  Specimens  of  Siren  lacertina  that 
we  examined  from  this  area  include,  in  addition  to  the  specimens  mentioned 
above,  the  following:  USNM  52278  (Ft.  Brown,  Brownsville,  Texas);  UIMNH 
13092  (Harlingen,  Cameron  Co.,  Texas);  FMNH  68 12  (Brownsville,  Texas);  MCZ 
30594  (Maverick  Co.,  Texas). 

The  diagnostic  characters  stressed  by  Goin  (1957)  in  describing  intermedia 
texana  are  as  follows:  36-38  costal  grooves,  maximum  SVL  686  mm,  tail  pointed, 
and  a pattern  of  tiny  black  flecks  on  a dorsal  ground  color  of  gray  and  brownish 
gray.  This  subspecies  was  distinguished  by  Goin  (1957)  from  S.  i.  intermedia  and 
S.  i.  nettingi  by  higher  costal  groove  count,  larger  size,  and  different  coloration. 
The  first  two  diagnostic  characters  (higher  costal  groove  count  and  larger  size) 
result  from  the  inadvertent  inclusion  of  specimens  of  S.  lacertina  in  the  type 
series.  The  shape  of  the  tail  tip  (rounded  vs.  pointed)  is  variable  and  difficult  to 
interpret.  The  other  diagnostic  characters  of  the  subspecies  S.  i.  texana  are  mainly 
differences  in  coloration,  which  also  confused  Goin  owing  to  the  mixture  of  V. 
intermedia  and  S.  lacertina  in  the  type  series  {see  Martof,  1973:2).  Thus  Siren 
lacertina  ranges  from  500-750  mm  SVL,  and  has  36-40,  usually  38,  costal  grooves. 
There  are  no  published  data  on  egg  size  for  Texas  specimens.  In  the  description 
of  S.  intermedia  texana,  Goin  (1957)  stated  that  the  holotype  (TCWC  10567,  7 
mi  N Brownsville,  Cameron  Co.,  Texas)  was  an  adult  female  with  37  costal 
grooves.  Our  examination  of  the  holotype  revealed  that  the  specimen  is  a mature 
male  with  36  costal  grooves.  Due  to  the  size  of  this  specimen  (SVL  271  mm; 
Goin,  1957,  stated  that  it  measured  281  mm),  and  low  costal  groove  count,  we 
conclude  that  it  belongs  to  the  smaller-sized  species  of  Siren  {intermedia).  In  the 
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absence  of  characters  that  unequivocally  diagnose  S.  i.  texana,  we  place  that  taxon 
in  the  synonymy  of  S.  i.  nettingi. 

We  cannot  find  differences  that  separate  specimens  of  S.  lacertina  from  southern 
Texas  and  Mexico  from  other  S.  lacertina  from  eastern  United  States,  although 
this  species  is  absent  from  localities  west  of  Alabama  (Conant  and  Collins,  1991). 
We  tentatively  assign  the  larger  specimens  from  the  localities  mentioned  above 
to  the  species  S.  lacertina,  despite  the  hiatus  in  distributional  range. 

We  further  conclude  that  S.  intermedia  nettingi  and  S.  lacertina  occur  in  sym- 
patry  in  the  southeastern  part  of  Texas  and  adjacent  Mexico,  confirming  the 
suggestion  of  Brown  (1950:36).  The  addition  of  the  latter  species  increases  the 
salamander  fauna  of  Mexico,  as  presently  recognized,  to  92  species  (Flores  Villela, 
1991).  However,  it  was  long  ago  properly  first  recorded  for  Mexico  at  Matamoros, 
Tamaulipas  (on  the  basis  of  the  USNM  specimens  previously  cited),  by  Yarrow 
(1883:143)  and  Cope  (1889:226-229).  Siren  intermedia  nettingi  Coin  is  also  re- 
stored to  the  list  of  the  Mexican  herpetofauna  (as  Coin,  1942,  had  it),  replacing 
S.  i.  texana. 
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REVIEW  OF  THE  GRAPTEMYS  PULCHRA  GROUP 
(REPTILIA:  TESTUDINES:  EMYDIDAE),  WITH 
DESCRIPTIONS  OF  TWO  NEW  SPECIES 

Jeffrey  E.  Lovich* 

C.  J.  McCoy 

Curator,  Section  of  Amphibians  and  Reptiles 

Abstract 

The  Graptemys  pulchra  species  group,  which  includes  G.  puichra  sensu  lato  and  G.  barbouri,  is 
defined  by  the  combination  of  large  female  size,  extreme  sexual  dimorphism,  head  pattern  with  large 
interorbital  and  postorbital  blotches,  enlarged  heads  and  hypertrophied  jaws  in  females,  presence  of 
salient  vertebral  spines,  and  possibly,  a diploid  chromosome  number  of  52.  Graptemys  ernsti,  n.  sp. 
is  described  from  the  Pensacola  Bay  drainage,  Florida  and  Alabama,  and  Graptemys  gibbonsi,  n.  sp. 
from  the  Pascagoula  River  and  Pearl  River  drainages,  Mississippi  and  Louisiana.  A speciation  hy= 
pothesis  for  the  group,  based  on  successive  isolation  and  contact  of  drainages  due  to  sea  level  changes, 
agrees  with  data  for  freshwater  fishes  of  the  region. 


Introduction 

The  North  American  turtle  genus  Graptemys  is  the  most  speciose  in  the  family 
Emydidae.  The  genus  is  confined  to  the  United  States  and  Canada,  and  as  currently 
recognized  comprises  1 1 species  (Ernst  and  Barbour,  1989).  This  group  of  turtles 
is  characterized  not  only  by  great  diversity,  but  also  by  a controversial  taxonomic 
relationship  with  the  genus  Malaclemys  (McDowell,  1964;  Wood,  1977;  Dobie, 
1981).  Moreover,  there  have  been  numerous  recent  changes  in  alpha  taxonomy 
of  the  genus,  with  six  species  previously  described  in  the  20th  century.  The  di- 
versity within  the  genus  results  in  part  from  drainage-specific  endemism,  with  six 
currently  recognized  species  restricted  to  single  drainage  systems.  The  remaining 
species,  except  for  G.  pulchra  and  G.  geographica,  occur  only  in  the  Mississippi 
watershed.  Graptemys  geographica  occurs  in  the  Mississippi  system,  and  in  the 
Saint  Lawrence,  Hudson,  Susquehanna,  and  Delaware  rivers  (McCoy  and  Vogt, 
1990;  Iverson,  1992).  The  center  of  diversity  for  the  genus  is  along  the  coast  of 
the  Gulf  of  Mexico,  from  the  Apalachicola  River,  western  Florida,  to  the  Gua- 
dalupe River,  Texas. 

Two  species  groups  can  be  recognized  among  the  Graptemys  that  occur  in  Gulf 
coastal  rivers  east  of  the  Mississippi  River.  The  ‘‘sawbacks”  {G.  oculifera,  G. 
flavimaculata,  and  G.  nigrinoda)  are  medium-sized  Graptemys  with  narrow  heads 
and  hypertrophied  vertebral  spines.  The  second  group  of  Gulf  Coast  species,  which 
includes  Graptemys  pulchra  (sensu  lato)  and  G.  barbouri,  we  here  designate  the 
Graptemys  pulchra  species  group.  This  group  was  informally  recognized  by  Cagle 
(1952),  McKown  (1972),  Mount  (1975),  and  Dobie  (1981).  The  Graptemys  pulchra 
group  is  defined  by  the  following  combination  of  characters,  which  distinguishes 

' Savannah  River  Ecology  Laboratory,  Aiken,  South  Carolina  29802  (reprint  address).  Present  address: 
U.S.  Department  of  the  Interior,  Bureau  of  Land  Management,  Palm  Springs-South  Coast  Resource 
Area,  63-500  Garnet  Ave.,  North  Palm  Springs,  California  92258. 
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them  from  other  species  of  Graptemys:  (1)  female  size  large  (295-330  mm  max- 
imum carapace  length);  (2)  sexual  dimorphism  extreme,  adult  SDI  (sexual  di- 
morphism index,  size  of  larger  sex  divided  by  size  of  smaller  sex.  Gibbons  and 
Lovich,  1 990)  2.42-2.58;  (3)  head  (especially  in  adult  females)  broad,  with  alveolar 
surfaces  of  jaws  greatly  expanded;  (4)  head  pattern  consisting  of  an  interorbital 
and  large  postorbital  blotches;  (5)  vertebral  scutes  with  salient  spines;  and  possibly, 
(6)  diploid  chromosome  number  52  (McKown,  1972). 

In  size  only  Graptemys  geographica,  which  reaches  a maximum  carapace  length 
of  273  mm  (McCoy  and  Vogt,  1990),  approaches  members  of  the  G.  pulchra 
group.  All  other  species  of  Graptemys  are  smaller.  Sexual  dimorphism  is  less 
extreme  in  other  species  of  Graptemys.  In  Graptemys  geographica,  SDI  reaches 
a maximum  of  1.97;  in  other  species,  it  is  between  1.50  and  2.10  (Gibbons  and 
Lovich,  1990).  Enlarged  heads  and  expanded  alveolar  surfaces  are  also  found  in 
Graptemys  geographica  and  G.  kohni,  but  in  those  species  the  trait  is  not  as  extreme 
as  in  species  of  the  G.  pulchra  group.  Old  females  of  both  G.  pulchra  and  G. 
barbouri  have  grotesquely  enlarged  heads  and  massive  jaws  (Cagle,  1952).  The 
head  pattern  of  G.  pulchra  and  G.  barbouri,  in  particular  the  presence  of  an 
interorbital  blotch,  is  unique  in  the  genus.  All  other  species  have  head  patterns 
that  include  a combination  of  lines  and  smaller  spots.  The  salient  vertebral  spines 
of  G.  pulchra  and  G.  barbouri  distinguish  those  species  from  G.  geographica  and 
G.  versa  which  lack  them.  Finally,  all  other  species  of  the  genus  Graptemys  have 
a diploid  chromosome  number  of  50  (McKown,  1 972).  However,  the  chromosome 
number  of  52  reported  by  McKown  (1972)  for  G.  pulchra  and  G.  barbouri  was 
not  confirmed  (in  G.  barbouri  only)  by  Killebrew  (1977),  suggesting  the  need  for 
further  study. 

The  Alabama  map  turtle,  Graptemys  pulchra  (sensu  lato),  is  found  in  four  major 
drainage  systems  that  include  the  Pearl  River,  the  Pascagoula  River,  rivers  drain- 
ing into  Mobile  Bay,  and  rivers  entering  Pensacola  Bay  (Lovich,  1985).  Barbour’s 
map  turtle  {Graptemys  barbouri)  occurs  in  the  Chipola,  Chattahoochee,  Apalach- 
icola and  Flint  rivers  in  Alabama,  Florida,  and  Georgia.  During  the  Pleistocene, 
the  range  of  G.  barbouri  may  have  extended  east  to  the  Santa  Fe  River,  Florida 
(Jackson,  1975;  Sanderson  and  Lovich,  1988). 

Graptemys  pulchra  was  described  by  Baur  (1 893)  from  specimens  collected  near 
Montgomery,  Alabama  (Lovich,  1985).  For  many  years  the  species  was  ignored, 
and  the  name  pulchra  was  omitted  from  checklists  and  other  compilations.  Cagle 
(1952)  rediscovered  G.  pulchra,  redescribed  the  species,  and  defined  its  geographic 
range.  Although  no  subspecies  have  been  recognized,  several  researchers  have 
pointed  out  that  the  species  is  composed  of  well-defined  variants,  each  confined 
to  a separate  river  system.  Shealy  (1976)  summarized  geographic  variation  as 
follows:  specimens  from  the  Mobile  Bay  system  are  characterized  as  much  “flatter” 
than  the  other  variants,  the  Pascagoula  River  form  has  more  light  pigmentation 
on  the  head  and  marginals  than  specimens  from  the  Escambia  River,  and  spec- 
imens from  the  Pearl  River  are  intermediate  in  coloration  between  Pascagoula 
and  Escambia  forms,  resembling  the  Escambia  form  most  closely.  Cagle  (1952) 
noted  that  lower  jaw  markings  differ  between  Pearl  and  Escambia  River  females, 
and  Mount  (1975)  reported  consistent  variation  in  head  and  shell  patterns  among 
drainages.  Others  have  reported  differences  in  the  relationships  of  various  scutes 
among  drainages  (Tinkle,  1962;  Little,  1973). 

Although  the  existence  of  geographic  variation  has  been  documented,  there  has 
been  no  quantitative  study  of  variation  in  G.  pulchra.  Our  objective  was  to  quantify 
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patterns  of  morphological  variation  within  and  between  populations  of  G.  pulchra 
(sensu  lato).  Results  were  contrasted  with  and  compared  to  the  closely  related  G. 
barbouri  (Cagle,  1952;  Sanderson  and  Lovich,  1988). 

Materials  and  Methods 

More  than  596  live  and  preserved  specimens  of  the  Graptemys  pulchra  group  were  examined 
(Appendix  1).  Straight-line,  greatest  length  measurements  were  taken  with  dial  calipers  accurate  to 
0. 1 mm  for  the  following  characters:  carapace  length  (CL),  carapace  width  between  the  second  and 
third  vertebrals  (CW),  carapace  height  from  the  ventral  surface  to  the  point  between  the  second  and 
third  vertebrals  (CH),  plastron  length  (PL),  central  seam  lengths  of  the  six  paired  plastral  scutes  (gular 
= G,  humeral  = H,  pectoral  = P,  abdominal  = AB,  femoral  = F,  anal  = AN),  jaw  width  from  angle 
to  angle  (JW),  length  of  the  postorbital  blotch  (LPOB)  from  behind  the  orbit  to  its  most  posteriad 
extent,  length  of  the  right  fifth  marginal  scute  along  the  long  axis  of  the  body  (MWID),  width  of  yellow 
pigment  on  the  dorsal  surface  of  the  fifth  marginal  scute  (MPIG),  and  width  of  dark  pigment  on  the 
ventral  surface  of  the  fifth  marginal  scute  (WLMP).  The  following  pattern  variables  were  also  recorded. 
The  presence  or  absence  of  supraoccipital  spots  (SUPOC),  or  bulbous  anterior  expansions  of  the  dorsal 
paramedian  neck  stripes  was  noted,  as  was  the  presence  or  absence  of  subocular  spots  (SUBOC). 
Whether  postorbital  blotches  (POB)  were  connected  to  the  interorbital  blotch  (lOB)  or  not  was  also 
recorded.  A three-pronged,  light  colored  “nasal  trident”  was  present  above  the  nostrils  of  some 
specimens  and  its  presence  or  absence  was  noted.  These  variables  were  selected  because  preliminary 
analyses  or  previously  published  information  suggested  their  discriminatory  power  in  this  group. 

Operational  taxonomic  units  (OTU)  were  established  based  on  major  drainage  systems,  as  follows: 
OTU  1 — Pensacola  Bay  system,  including  Escambia,  Shoal,  Conecuh,  and  Yellow  rivers,  Alabama 
and  Florida;  OTU  2— Mobile  Bay  system,  including  Alabama,  Tombigbee,  Coosa,  Tallapoosa,  War- 
rior, Cahaba,  and  Conasauga  rivers,  Alabama  and  Georgia;  OTU  3 —Pascagoula  River  system,  in- 
cluding Pascagoula,  Leaf,  and  Chickasawhay  rivers  in  Mississippi;  and  OTU  4— Pearl  River  system, 
including  the  Pearl  and  Bogue  Chitto  rivers,  Louisiana  and  Mississippi.  Each  of  these  systems  enters 
the  Gulf  of  Mexico  separately  (Fig.  1). 

The  relative  frequency  of  categorical  variable  character  states  among  OTUs  was  tested  for  significant 
departure  from  expected  values  using  G statistics  generated  from  contingency  table  analyses.  Expected 
values  were  calculated  under  the  null  hypothesis  that  character  states  were  independent  of  OTU. 
Juveniles  of  undetermined  sex  were  included  in  the  analyses  with  identifiable  males  and  females  since 
preliminary  studies  showed  that  pattern  traits  did  not  vary  ontogenetically  or  between  the  sexes. 

Continuous  morphological  variables  were  analyzed  separately  for  males  and  females  because  of 
extreme  sexual  dimorphism  (Lovich,  1985;  Sanderson  and  Lovich,  1988;  Gibbons  and  Lovich,  1990). 
The  sex  of  specimens  was  determined  on  the  basis  of  secondary  characteristics  including  greater  pre- 
anal  tail  length  in  males  and  greater  jaw  width  in  females.  These  features  are  apparent  even  in  specimens 
that  are  sexually  immature,  thus,  subadults  were  included  with  adults  in  the  analyses.  Both  univariate 
and  multivariate  ANOVAs  were  used  to  compare  variable  means  among  OTUs  as  suggested  by  Willig 
et  al.  ( 1 986).  Following  identification  of  significant  differences  among  OTUs,  a four-group  discriminant 
analyis  was  conducted  to  classify  specimens  according  to  predicted  OTU. 

The  significance  of  differences  identified  using  discrete  and  continuous  variables  was  validated  using 
another  set  of  variables  based  on  the  relative  seam  lengths  of  the  six  paired  plastral  scutes  (G,  H,  P, 
AB,  F,  AN).  Size  relationships  in  these  scutes  have  been  demonstrated  to  vary  among  taxa  (Lovich 
and  Ernst,  1989;  Lovich  et  al.,  1991).  Following  Lovich  et  al.  (1991),  we  used  discriminant  function 
analysis  to  classify  specimens  according  to  OTU,  using  scute  proportions  transformed  as  follows:  scute 
length  was  divided  by  PL,  and  transformed  to  normality  by  taking  the  arcsine  square  root  of  the 
resulting  proportion. 

Numerous  controversial  analytical  techniques,  including  the  use  of  ratios,  residuals,  and  analysis 
of  covariance,  have  been  proposed  to  nullify  the  effect  of  size  in  morphometric  analyses  (see  reviews 
in  Atchley  et  al.,  1976;  Packard  and  Boardman,  1988).  Despite  impassioned  pleas  and  elegant  rationale 
behind  these  suggestions,  the  results  of  morphometric  studies  of  turtles  are  often  identical,  whether 
based  on  untransformed,  log  transformed,  ratio,  or  residual-based  data  (Lamb,  1 983;  Lamb  and  Lovich, 
1990;  McCord  and  Iverson,  1991).  Univariate  and  multivariate  analyses  of  our  data  produced  similar 
results  using  raw,  log  transformed,  ratio,  or  residual-based  data.  Because  of  this,  we  used  ratios  when 
data  presentation  was  enhanced  by  the  use  of  proportions,  and  appropriate  transformations  when 
dictated  by  parametric  assumptions.  Prior  to  parametric  statistical  analysis,  non-ratio  data  were  log- 
transformed  to  reduce  variance  (Lewontin,  1966;  Moriarty,  1977),  and  ratio  data  were  arcsine  square 
root-transformed  to  normality.  Statistical  analyses  were  performed  using  SYSTAT  (Wilkinson,  1988) 
and  STATGRAPHICS  statistical  software. 
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Fig.  l.~ Geographic  distribution  of  Graptemys  pulchra  (sensu  lato).  Operational  taxonomic  units 
(OTUs)  are  as  follows:  OTU  1 = Escambia-Conecuh  River  system;  2 = Mobile  Bay  system;  3 = 
Pascagoula  River  system;  4 = Pearl  River  system. 


Results 

Pattern  characters  were  relatively  constant  within  OTUs  (Table  1).  In  the  ma- 
jority of  specimens  (95-97%)  from  OTUs  2-4  lOB  was  connected  to  POB.  In 
contrast,  89  percent  of  specimens  from  OTU  1 exhibited  no  contact  between  lOB 
and  the  POB,  and  contacts  were  poorly  developed  in  the  remainder  of  that  sample. 
Contingency  table  analysis  showed  that  presence  of  a POB/IOB  connection  was 
not  independent  of  OTU  (G  = 371.7,  df  = 3,  P < 0.001).  Approximately  95 
percent  of  specimens  from  OTU  1 possessed  a pair  of  supraoccipital  spots  or 
bulbous  anterior  expansions  of  the  dorsal  paramedian  neck  stripes.  Significantly 
fewer  specimens  (2-8%)  from  OTUs  2-4  possessed  this  characteristic  (Table  1). 
The  results  of  contingency  table  analysis  rejected  the  null  hypothesis  that  presence 
of  SUPOC  is  independent  of  OTU  (G  = 399.7,  df  = 3,  P < 0.001).  The  presence 
of  a nasal  trident  was  also  dependent  on  what  OTU  a specimen  belonged  to  (G 
= 249.7,  df  = 3,  P < 0.001).  All  specimens  from  OTU  1 exhibited  a conspicuous 
nasal  trident,  while  significantly  fewer  (1 1%)  in  OTU  2 exhibited  a nasal  trident, 
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Table  \.— Frequency  of  occurrence  (percentage)  of  pattern  characters  by  OTU  (sample  sizes  in  paren- 
theses). Refer  to  text  for  OTU  designations. 


OTU 

1 

2 

3 

4 

lOB/POB  connection 

11%(151) 

97%  (109) 

98%  (88) 

95%  (94) 

Supraocciptal  spot 

95%  (151) 

6%  (109) 

8%  (90) 

2%  (93) 

Nasal  trident 

100%  (129) 

11%  (105) 

66%  (82) 

79%  (81) 

Sub-ocular  spot 

37%  (156) 

3%  (108) 

2%  (93) 

0%  (92) 

which  was  often  poorly,  almost  rudimentarily,  developed.  Most  specimens  from 
OTUs  3 (66%)  and  4 (79%)  possessed  a nasal  trident,  but  it  was  not  as  sharply 
defined  as  that  seen  in  specimens  from  OTU  1.  Few  specimens  from  OTUs  2 and 
3,  and  none  from  OTU  4,  but  significantly  more  (37%)  from  OTU  1 had  a 
subocular  spot  beneath  each  eye.  The  relative  frequency  of  occurrence  varied 
significantly  among  OTUs  when  tested  with  contingency  table  analysis  (G  = 105.8, 
df-  3,  F < 0.001). 

Multivariate  analysis  of  variance  (MANOVA)  demonstrated  significant  differ- 
ences between  OTUs  when  no  missing  value,  log  transformed  data  for  CW,  CH, 
LPOB,  MWID,  and  WMLP  were  compared  simultaneously  for  males  (Wilk’s 
lambda  = 0.055;  F = 24.02;  df-  15,93;  P < 0.001).  Univariate  ANOVAs  were 
significant  at  P < 0.05  for  all  variables  except  CW  (P  ^ 0. 1 86).  MANOVA  results 
for  females  were  also  significant  (Wilk’s  lambda  0.071;  F = 20.38;  df  = 15,190; 
P < 0.001).  Results  based  on  ANOVAs  were  significant  at  P < 0.05  for  all 
variables.  Descriptive  statistics  for  size-scaled  derivatives  of  these  variables  are 
summarized  in  Table  2.  The  ratio  of  CH/CL  was  very  similar  between  OTUs  3 
and  4.  Compared  to  OTUs  3 and  4,  specimens  from  OTU  2 were  relatively  flat, 
while  those  from  OTU  1 were  higher  domed.  Relative  carapace  width  was  similar 
between  OTUs  1 and  2,  and  between  OTUs  3 and  4.  The  length  of  the  postorbital 

Table  2.— Means  and  sample  sizes  (in  parentheses)  for  size-scaled  variables  by  sex  and  OTU,  and  for 
Graptemys  barbouri  (GB).  Refer  to  text  for  OTU  and  character  designations. 


OTU 

Variable/sex 

1 

2 

3 

4 

GB 

CH/CL 

Males 

0.43  (27) 

0.39  (30) 

0.41  (28) 

0.40  (24) 

0.40  (36) 

Females 

0.44  (49) 

0.40  (40) 

0.42  (25) 

0.42  (21) 

0.42  (39) 

CW/CL 

Males 

0.78(31) 

0.78  (32) 

0.76  (44) 

0.75  (46) 

0.78  (39) 

Females 

0.77  (55) 

0.78  (50) 

0.74  (40) 

0.74  (46) 

0.78  (56) 

LPOB/CL 

Males 

0.09(17) 

0.08  (28) 

0.08  (30) 

0.08  (29) 

— 

Females 

0.11  (27) 

0.09  (34) 

0.09  (29) 

0.10(20) 

- 

MPIG/MWID 

Males 

0.14(31) 

0.10(31) 

0.21  (45) 

0.16(46) 

0.09  (34) 

Females 

0.15(53) 

0.10(46) 

0.21  (40) 

0.18(47) 

0.08  (54) 

WLMP/MWID 

Males 

0.57  (30) 

0.74  (33) 

0.35  (45) 

0.43  (46) 

0.66  (38) 

Females 

0.60  (53) 

0.71  (50) 

0.37  (40) 

0.40  (47) 

0.59  (53) 
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Fig.  2. — Plot  of  male  discriminant  scores  on  the  first  two  canonical  axes.  Operational  taxonomic  units 
(1-4)  are  the  same  as  in  Fig.  1.  Refer  to  text  for  details. 


blotch  (LPOB)  relative  to  carapace  length  was  similar  in  OTUs  2-4,  but  com- 
paratively greater  in  OTU  1.  The  most  dramatic  differences  between  OTUs  are 
in  comparisons  of  MPIG  and  WLMP  with  MWID.  MPIG  was  very  narrow  in 
OTU  2 and  wide  in  all  others,  particulary  OTU  3.  In  contrast,  WLMP  was  wide 


Fig.  3.— Plot  of  female  discriminant  scores  on  the  first  two  canonical  axes.  Operational  taxonomic 
units  (1-4)  are  the  same  as  in  Fig.  1.  Refer  to  text  for  details. 
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Table  — Classification  accuracy  of  discriminant  function  for  males,  based  on  transformations  of  the 
relative  proportions  of  the  six  paired  plastron  scutes  (refer  to  text  for  details).  Rows  are  actual  OTUs 
and  columns  are  predicted  OTUs.  Numbers  are  the  number  of  specimens  assigned  to  each  OTU. 


Predicted  OTU 

Actual  OTU 

1 

2 

3/4 

GB 

1 

16 

1 

3 

0 

2 

2 

24 

3 

0 

3/4 

8 

8 

50 

5 

GB 

2 

0 

2 

34 

in  OTU  2 and  narrow  in  all  others,  particularly  OTU  3.  Ratios  of  MPIG/M WID 
and  WLMP/MWID  for  G,  barbouri  were  most  like  those  of  OTUs  1 and  2. 

Since  the  results  of  MANOVA  and  ANOVA  revealed  significant  differences 
between  OTUs,  sex-specific  discriminant  function  analyses  were  used  to  test  the 
classification  ability  of  CH,  CW,  LPOB,  WLMP,  and  MPIG.  Results  for  males 
(Fig.  2)  and  females  (Fig.  3)  suggest  that  OTUs  1 and  2 are  phenetically  distinct, 
when  discriminant  scores  are  projected  on  the  first  two  canonical  axes,  while 
OTUs  3 and  4 overlap.  Seventy-eight  percent  of  males  in  the  sample  were  correctly 
classified  by  the  discriminant  function.  Most  misclassifications  occurred  between 
OTUs  3 and  4 (29%).  Ninety-two  percent  of  females  in  the  sample  were  correctly 
classified  and  most  misclassifications  (50%)  occurred  between  OTUs  3 and  4. 

To  confirm  the  significance  of  results  based  on  analysis  of  pattern  characters 
and  multivariate  analysis  of  mensural  variables,  a different  set  of  variables  was 
tested.  Sex-specific  discriminant  function  analysis  was  used  to  classify  specimens 
to  OTU  based  on  transformed  plastron  scute  proportions.  Because  high  character 
overlap  was  observed  in  OTUs  3 and  4 in  previous  analyses,  they  were  combined 
(OTU  3/4).  In  addition,  data  for  the  closely  related  species  Graptemys  barbouri 
were  included  as  a separate  OTU  (GB)  for  comparison.  MANOVAs  comparing 
all  six  transformed  proportions  between  the  four  groups  were  significant  for  both 
sexes  {P  < 0.001).  The  discriminant  function  for  males  correctly  classified  78% 
of  specimens  examined  (Table  3)  while  that  for  females  (Table  4)  correctly  clas- 
sified 70%.  Misclassifications  were  more  frequent  among  OTUs  1-3/4  than  be- 
tween OTUs  1-3/4  and  G.  barbouri.  However,  the  analysis  still  exhibits  significant 
discriminatory  power.  Specimens  in  OTU  3/4  were  correctly  classified  almost  as 
often  as  G.  barbouri  (86%  vs.  87%,  respectively,  in  males).  Females  in  OTU  2 
were  often  misclassified  into  OTU  3/4,  unlike  in  previous  analyses. 

The  results  demonstrate  that  Graptemys  pulchra  (auctorum)  is  composed  of 
three  distinct  taxa,  herein  designated  species  (Appendix  2).  The  type  specimens 
of  Graptemys  pulchra  Baur  were  collected  near  Montgomery,  Alabama,  in  the 


Table  A.  — Classification  accuracy  of  discriminant  function  for  females,  based  on  transformations  of  the 

relative  proportions  of  the  six  paired  plastron  scutes  (refer  to  text  for  details  and  see  Table  3). 


Predicted  OTU 

Actual  OTU 

1 

2 

3/4 

GB 

1 

23 

4 

4 

3 

2 

2 

19 

6 

2 

3/4 

1 

13 

30 

5 

GB 

8 

0 

2 

46 

300 


Annals  of  Carnegie  Museum 


VOL.  61 


Table  5. —Summary  of  characters  that  differentiate  species  of  the  Graptemys  pulchra  group:  GP  = G. 
pulchra,  GE  = G.  emsti,  GG  = G.  gibbonsi,  GB  = G.  barbouri.  Presence  or  absence  of  a character  is 

coded  with  a plus  or  minus  sign. 


Species 

Character 

GP 

GE 

GG 

GB 

Relative  shell  height 

low 

high 

high 

high 

Upper  marginal  pigmentation 

Width 

narrow 

wide 

wide 

narrow 

Number  of  bars 

several 

several 

one 

one 

Lower  marginal  pigmentation 

extensive 

extensive/ 

intermediate 

limited 

extensive 

Nasal  trident 

- 

+ 

+/- 

- 

Interorbital-postorbital  spot 

+ 

- 

+ 

- 

connection 

Subocular  spots 

- 

F/- 

- 

- 

Supraoccipital  spots 

- 

+ 

- 

- 

Mobile  Bay  Drainage.  Hence  we  restrict  the  name  G.  pulchra  to  populations 
represented  by  OTU  2.  The  allopatric  populations  in  OTUs  1 and  3/4  are  described 
as  new  species  below.  The  characters  that  differentiate  these  taxa  are  summarized 
in  Table  5. 


Systematics 

Graptemys  ernsti,  new  species 
(Fig.  4,  5) 

Holotype.— CM  122408;  Conecuh  River,  1 mile  upstream  from  County  Road 
4 Bridge,  14  km  east  of  East  Brewton,  Escambia  County,  Alabama,  USA;  Jeffrey 
E.  Lovich,  Anthony  M.  Mills,  and  Joshua  Schachter;  30  September  1988. 

Paratypes.-CM  122403-122407,  122409-122411,  USNM  300604-300605; 
all  from  the  type  locality. 

Diagnosis.  relatively  high-domed  Graptemys  with  a single,  vertical,  yellow 
bar  on  the  upper  surface  of  each  marginal  scute.  The  seams  separating  the  lower 
marginals  possess  dark,  diffuse,  wide  borders  sometimes  forming  one  or  two 
semicircles.  The  head  pattern  consists  of  a distinct,  three-pronged  yellow  pattern 
on  the  snout  (the  nasal  trident),  followed  first  by  a large  interorbital  blotch  that 
is  not  in  contact  with  the  large  postorbital  blotches,  and  second  by  a pair  of 
supraoccipital  spots  or  bulbous  anterior  expansions  of  the  first  paramedian  neck 
stripes. 

Description  of  —Subadult  female  preserved  in  alcohol,  with  the  following  measurements: 

CL  132  mm,  CW  102.8  mm,  CH  58.3  mm,  PL  125  mm,  G 20.3  mm,  H 8.7  mm,  P 19.4  mm,  AB 
28.7  mm,  F 20.5  mm,  AN  27.7  mm,  LPOB  12.5  mm,  MWID  16.3  mm,  MPIG  1.7  mm,  WLMP  7.8 
mm.  Interorbital  and  postorbital  blotches  not  connected,  dorsal  paramedian  neck  stripes  expanded 
and  connected  at  anterior  ends,  nasal  trident  distinct.  Carapace  olive  with  light,  indistinct  circles  on 
anterolateral  comers  of  pleurals  1-3.  Diffuse  middorsal  black  stripe,  interrupted  on  vertebrals  3,  4, 
and  5.  Marginals  with  a narrow,  vertical  light  bar  on  dorsal  side,  and  relatively  broad  black  markings 
along  seams  ventrally.  Plastron  yellow  with  black  lines  only  along  transverse  seams. 

Variation.— CmdipdiCQ  length  to  284  mm  in  females  and  131  mm  in  males.  Carapace  high  domed 
with  mean  individual  CH/CL  0.43  (males),  0.44  (females),  and  0.49  (immatures).  Mean  individual 
CW/CL  0.78  (males),  0.77  (females),  and  0.92  (immatures).  Large  females  frequently  appear  “hump 
backed”  due  to  dramatic  anterior-posterior  incline  of  first  vertebral  scute.  Median  keel  of  carapace 
pronounced,  with  broken  black  stripe  most  distinct  anteriorly.  Posterior  tips  of  vertebral  spines  black. 
Carapace  color  olive,  with  relatively  wide  yellow  rings  and  vermiculations  on  distal  portions  of  pleural 
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Fig,  4.— Head  pattern  of  Graptemys  ernsti  (CM  122403)  from  the  Conecuh  River,  Escambia  County, 
Alabama. 

scutes.  Dark  smudges  present  between  marginals  at  periphery  of  carapace,  particularly  in  smaller 
specimens.  Upper  marginals  with  relatively  wide  yellow  bars  (Fig.  5)  roughly  perpendicular  to  carapace 
periphery.  Mean  individual  MPIG/MWID  0.17  for  all  specimens  and  0.14  (males),  0.15  (females), 
and  0.19  (immatures).  Mean  individual  WLMP/MWID  0.59  for  all  specimens  and  0.57  (males),  0.60 
(females),  and  0.59  (immatures). 

Plastron  length  to  251  mm  in  females  and  123  mm  in  males.  Plastral  seam  contacts  usually  longest 
between  abdominals,  femorals,  and  anals.  Modal  plastral  formula  (34%)  AB  > AN  > F > P > G > 
H (n  = 36).  Two  other  formulae  accounted  for  21%  of  sample:  AN  > AB  >F>P>G>H(n  = 
12)  and  AB  > AN  > P > F > G > H (n  = 10).  Twenty-six  other  plastral  formulae  were  observed. 
Bridge  well  developed  and  plastron  notched  posteriorly.  Plastron  pale  yellow,  with  seam-following 
dark  pigment,  particularly  on  seams  perpendicular  to  long  axis. 


Fig.  5. —Upper  (left)  and  lower  (right)  fifth  left  marginal  patterns  of  Graptemys  ernsti  (CM  122403). 
The  top  of  the  illustration  is  anterior  and  left  and  right  sides  are  distal. 


302 


Annals  of  Carnegie  Museum 


VOL.  61 


A “broad  headed”  Graptemys  in  which  adult  females  have  wider  heads  than  males.  Mean  individual 
JW/CL  for  a subsample  0.15  (males),  0.17  (females),  and  0.18  (immatures).  Angle  between  sides  of 
upper  jaw  viewed  from  above  in  largest  females  <90°,  rostrum  pointed.  Ground  color  of  head  and 
limbs  brown  to  olive  with  light  yellow  or  yellowish-green  stripes  and  blotches.  Dorsal  head  pattern 
of  large  interorbital  blotch  not  connected  to  large  postorbital  blotches.  Anterior  portion  of  interorbital 
blotch  forming  a distinct  three-pronged  pattern  (nasal  trident)  between  eyes  and  nostrils.  Supraoccipital 
spots  usually  present  between  posterior  extensions  of  postorbital  blotches.  Supraoccipital  spots  may 
fuse  with  dorsal  paramedian  neck  stripes.  Underside  of  lower  jaw  with  median  longitudinal  light  stripe. 
Mean  individual  LPOB/CL  0.09  (males),  0. 1 1 (females),  and  0.09  (immatures).  Thirty-seven  percent 
of  75  specimens  possessed  distinct  subocular  blotches  (3  males,  25  females).  Dorsal  neck  stripes 
relatively  broad  and  roughly  equal  sized.  Thin,  faint  lines  may  be  present  between  them.  Tail  and 
limbs  striped. 

Both  sexes  have  relatively  flat  plastrons.  Females  much  larger  (mean  female  CL/mean  male  CL  = 
1.66,  including  immatures)  than  males  and  have  conspicuously  enlarged  heads  with  hypertrophied 
alveolar  surfaces  on  the  jaws.  Males  have  longer  tails  with  the  vent  posterior  to  the  margin  of  the 
carapace  when  extended. 

Distribution. —Yound  only  in  large  to  medium-sized  rivers  emptying  into  Es- 
cambia Bay  including:  Conecuh  River,  Escambia  River,  Yellow  River,  and  Shoal 
River  in  southern  Alabama  and  western  Florida,  USA. 

Etymology.— ThQ  specific  epithet  is  a patronym  honoring  Dr.  Carl  Henry  Ernst  for  his  contributions 
to  the  study  of  turtles. 


Graptemys  gibbonsi,  new  species 
(Fig.  6,  7) 

Holotype. —CM  94979;  Chickasawhay  River,  Leakesville,  Greene  Co.,  Missis- 
sippi, USA;  Richard  C.  Vogt,  Michael  Pappas,  and  Paul  S.  Freed;  21  July  1978. 

Paratypes. -CM  94966-94967,  94970-94973,  94976-94978,  94980-94981, 
94983,  95361-95362,  95559,  95561,  95577,  all  from  the  type  locality. 

Diagnosis.— A relatively  high-domed  Graptemys  with  a single  vertical  yellow 
bar  on  the  upper  surface  of  each  marginal  scute.  The  seams  separating  the  lower 
marginals  have  dark,  relatively  narrow  borders  sometimes  forming  a single  semi- 
circle. The  head  pattern  consists  of  a large,  light  interorbital  blotch  connected  to 
the  large  postorbital  blotches.  A nasal  trident  is  usually  present.  The  dorsal  para- 
median neck  stripes  do  not  have  bulbous  anterior  expansions,  but  may  contact 
the  postorbital  blotches.  Supraoccipital  spots  are  absent. 

Description  of  holotype.— \du\X  male  preserved  in  alcohol,  with  the  following  measurements:  CL 
1 14.9  mm,  CW  85.0  mm,  CH  46.8  mm,  PL  103.1  mm,  G 1 1.0  mm,  H 7.6  mm,  P 12.3  mm,  AB  25.8 
mm,  F 17.2  mm,  AN  21.8  mm,  LPOB  8.8  mm,  MWID  1 1.7  mm,  MPIG  2.0  mm,  WLMP  3.5  mm. 
Interorbital  blotch  connected  to  large  postorbital  blotches,  and  dorsal  paramedian  neck  stripes  not  in 
contact  with  postorbital  blotches.  Nasal  trident  present  but  indistinct.  Carapace  olive  with  light  circular 
markings  at  lower  edges  of  pleurals  1-3.  Complete,  black  middorsal  stripe  on  vertebrals  1-5.  Marginals 
with  broad,  vertical  yellow  bar  on  dorsal  sides,  and  narrow  black  mark  on  seams  ventrally.  Plastron 
yellow,  with  narrow  black  lines  on  some  interscute  seams. 

Carapace  length  to  295  mm  in  females  and  124  mm  in  males.  Carapace  high-domed 
with  mean  individual  CH/CL  0.41  (males),  0.42  (females),  and  0.48  (immatures).  Mean  CW/CL  0.75 
(males),  0.74  (females),  and  0.91  (immatures).  Median  keel  of  carapace  pronounced  with  broken  or 
complete  black  stripe  most  distinct  anteriorly.  Posterior  tips  of  vertebral  spines  black.  Carapace  color 
olive  with  grayish  cast.  Relatively  wide  yellow  rings  and  vermiculations  on  distal  portions  of  pleural 
scutes.  Upper  marginals  with  relatively  wide  yellow  bars  roughly  perpendicular  to  carapace  periphery 
(Fig.  7).  Mean  individual  MPIG/MWID  0.20  for  all  specimens  and  0.18  (males),  0.20  (females),  and 
0.24  (immatures).  Mean  WLMP/MWID  0.40  for  all  specimens  and  0.39  (males),  0.39  (females^  and 
0.43  hmmatures). 

Plastron  length  to  250  mm  in  females  and  1 13  mm  in  males.  Plastral  seam  contacts  usually  longest 
between  abdominals,  femorals,  anals,  and  pectorals.  Modal  plastral  formula  (51%)  AB  > AN  > F > 
P > G > H (n  = 73).  Two  other  formulae  accounted  for  26%  of  sample:  AB  > AN  > P > F > G > 
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Fig.  6. “Head  pattern  of  Graptemys  gibbonsi  (SREL  3067)  from  the  Chickasawhay  River,  Greene 
County,  Mississippi. 

H (n  = 28)  and  AB  > AN  > F > G > P > H (n  = 9).  Fourteen  other  plastral  formulae  were  observed. 
Bridge  well  developed  and  plastron  notched  posteriorly.  Plastron  pale  yellow,  hingeless,  with  seam- 
following dark  pigment  particularly  on  transverse  seams. 

A “broad-headed”  Graptemys  with  adult  females  possessing  wider  heads  than  males.  Mean  indi- 
vidual JW/CL  for  a subsample  0.15  (males),  0.19  (females),  and  0.19  (immatures).  Angle  between 
sides  of  upper  jaw  viewed  from  above  <90°,  rostrum  pointed.  Ground  color  of  head  and  limbs  brown 
to  olive  with  light  yellow  or  yellowish-green  stripes  and  blotches.  Head  pattern  dorsally  consisting  of 
large  interorbital  blotch  connected  to  large  postorbital  blotches;  sometimes  by  only  a thin  line.  Anterior 
portion  of  interorbital  blotch  forming  a distinct  three-pronged  pattern  (nasal  trident)  in  72%  of  a 
subsample  (n  = 118).  Nasal  trident  more  prevalent  in  Pearl  River  (79%,  n = 64)  specimens  than  in 
Pascagoula  River  specimens  (65%,  n = 54).  Mean  individual  LPOB/CL  0,08  (males),  0.09  (females), 
and  0.08  (immatures).  Dorsal  neck  stripes  relatively  broad  with  narrow  stripes  between.  Underside 
of  lower  jaw  with  median  longitudinal  light  stripe.  Feet  webbed  and  tail  and  limbs  striped. 


Fig.  7.  “Upper  (left)  and  lower  (right)  fifth  left  marginal  patterns  of  Graptemys  gibbonsi  (SREL  3067). 
Orientation  of  drawings  as  in  Fig.  5. 
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Both  sexes  have  relatively  flat  plastrons.  Females  much  larger  than  males  (mean  female  CL/mean 
male  CL  = 1.89,  including  immatures),  with  conspicuously  enlarged  heads  and  hypertrophied  alveolar 
surfaces  on  the  jaws.  Males  with  longer  tails  and  the  vent  posterior  to  the  margin  of  the  carapace  when 
extended. 

Distribution.— ¥o\xn6.  only  in  large  to  medium-sized  rivers  in  the  Pascagoula 
River  and  Pearl  River  systems,  Mississippi  and  eastern  Louisiana,  USA.  Pasca- 
goula River  system  localities  are  in  the  Pascagoula,  Leaf,  and  Chickasawhay  rivers, 
and  Red,  Bowie,  and  Okatoma  creeks  (Clibum,  1971).  Graptemys  gibbonsi  does 
not  occur  in  either  Big  Creek  or  the  Escatawpa  River,  Alabama  tributaries  of  the 
Pascagoula  River  (Mount,  1975),  or  in  Black  Creek,  a major  tributary  of  the 
Pascagoula  in  Mississippi  (Clibum,  1971).  Pearl  River  drainage  populations  occur 
in  Ross  Barnett  Reservoir  (Boyd  and  Vickers,  1963),  and  in  the  Pearl  and  Bogue 
Chitto  rivers. 

Dundee  and  Rossman  (1989)  published  a record  of  this  species  (as  G.  pulchra) 
from  the  Tickfaw  River  at  U.S.  Highway  190,  Livingston  Parish,  Louisiana.  We 
question  this  record,  as  the  species  is  unknown  in  the  Tangipahoa,  Tchefuncte, 
and  Amite  rivers,  which  lie  between  the  Tickfaw  River  and  Bogue  Chitto  River 
(Cagle,  1952;  Clibum,  1971). 

Etymology.  ~T\iQ  specific  epithet  is  a patronym  honoring  Dr.  J.  Whitfield  Gibbons  for  his  contri- 
butions to  the  study  of  turtles,  particularly  in  the  southeastern  United  States. 

Graptemys  pulchra  Baur 
(Fig.  8,  9) 

Graptemys  pulchra  Baur,  1893:675.  Type  locality  “Montgomery  [Montgomery  Co.],  Alabama.”  Lec- 
totype:  USNM  8808  (here  designated),  T.  H,  Bean  and  L.  Kumlien,  July  1876  {see  comments). 
Paralectotype:  USNM  318254  (w  comments). 

Diagnosis.— A.  relatively  low-domed  Graptemys  with  concentric  yellow  semi- 
circles on  the  upper  surface  of  each  marginal  scute.  The  seams  separating  the 
lower  marginals  have  wide  dark  borders  often  composed  of  two  or  three  concentric 
semicircles.  The  head  pattern  consists  of  a large  light  interorbital  blotch  connected 
to  large  postorbital  blotches.  The  nasal  trident  is  absent.  The  dorsal  paramedian 
neck  stripes  do  not  have  bulbous  anterior  expansions,  but  may  contact  the  post- 
orbital blotches.  Supraoccipital  spots  are  absent. 

Description  of  lectotype. —^Mh^idulX  female  preserved  in  alcohol,  with  the  following  measurements: 
CL  176.0  mm,  CW  139.0  mm,  CH  72.0  mm,  PL  164.0  mm,  G 24.6  mm,  H 10.8  mm,  P 23.0  mm,  AB 
39.5  mm,  F 22.4  mm,  AN  34.3  mm,  LPOB  9.0  mm,  MWID  19.0  mm,  MPIG  2.7  mm,  WLMP  12.6 
mm.  Interorbital  blotch  narrowly  connected  to  the  postorbital  blotches,  dorsal  paramedian  neck  stripes 
slightly  expanded  at  anterior  ends,  nasal  trident  absent.  Carapace  with  light  reticulate  markings  on 
pleurals  1-3.  Marginals  with  concentric  circles  on  both  dorsal  and  ventral  sides.  The  patterns  of  both 
carapace  and  plastron  are  difficult  to  discern,  as  most  of  the  epidermal  scutes  have  sloughed. 

Variation.— C2LV^pd.cQ  length  to  11 'h  mm  in  females  and  117  mm  in  males.  Carapace  moderately 
domed  with  mean  individual  CH/CL  0.39  (males),  0.40  (females),  and  0.45  (immatures).  Mean 
individual  CW/CL  0.78  (males),  0.78  (females),  and  0.90  (immatures).  Median  keel  of  carapace 
pronounced  with  broken  black  stripe  most  distinct  anteriorly.  Posterior  tips  of  vertebral  spines  black. 
Carapace  ground  color  olive.  Yellow  rings  and  vermiculations  may  be  present  on  lateral  portions  of 
pleural  scutes.  Upper  marginals  with  concentric  semicircular  yellow  markings  (Fig.  9).  Mean  individual 
MPIG/MWID  0.10  for  all  specimens  and  0.10  (males),  0.10  (females),  and  0.1 1 (immatures).  Mean 
individual  WLMP/MWID  0.72  for  all  specimens  and  0.74  (males),  0.71  (females),  and  0.74  (imma- 
tures). 

Plastron  length  to  240  mm  in  females  and  108  mm  in  males.  Plastral  seam  contacts  usually  longest 
between  abdominals,  femorals,  pectorals,  and  anals.  Modal  plastral  formula  (33%)  AB  > AN  > F > 
P > G > H (n  = 24).  Two  other  formulae  accounted  for  43%  of  sample:  AB  > AN  > P > F > G > 
H (n  = 17)  and  AB  > AN  > F > G > P > H (n  = 1 4).  Eleven  other  plastral  formulae  were  observed. 
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Fig,  8. —Head  pattern  of  Graptemys  pulchra  (SREL  3343)  from  the  Cahaba  River,  Dallas  County, 
Alabama. 

Bridge  well  developed  and  plastron  notched  posteriorly.  Plastron  pale  yellow,  hingeless,  with  seam- 
following dark  pigment  or  dark  blotches  and  figures. 

A “broad-headed”  Graptemys  with  adult  females  possessing  wider  heads  than  males.  Mean  indi- 
vidual JW/CL  for  a subsample  0.15  (males),  0.16  (females),  and  0.18  (immatures).  Angle  between 
sides  of  upper  jaw  viewed  from  above  in  largest  females  <90®,  rostrum  pointed.  Ground  color  of  head 
and  limbs  brown  to  olive  with  light  yellow  or  yellowish  green  stripes  and  blotches.  Dorsal  head  pattern 
with  large  interorbital  blotch  well  connected  to  large  postorbital  blotches.  Anterior  portion  of  inter- 
orbital blotch  extending  unbroken  to  nares.  Mean  LPOB/CL  0.08  (males),  0.09  (females),  and  0.08 
(immatures).  Dorsal  neck  stripes  relatively  wide,  of  consistent  width.  Feet  webbed  and  tail  and  limbs 
striped. 

Both  sexes  have  relatively  flat  plastrons.  Females  much  larger  than  males  (mean  female  CL/mean 
male  CL  = 1 .40,  including  immatures)  with  conspicuously  enlarged  heads  and  hypertrophied  alveolar 
surfaces.  Males  have  longer  tails  with  vent  posterior  to  the  margin  of  the  carapace  when  extended. 


Fig.  9.— Upper  (left)  and  lower  (right)  fifth  left  marginal  pattern  of  Graptemys  pulchra  (SREL  3343). 
Orientation  of  drawings  as  in  Fig.  5. 
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Distribution.  — Graptemys  pulchra  is  found  in  medium- sized  to  large  streams 

of  the  Mobile  Bay  Drainage,  including  the  Alabama,  Black  Warrior  (and  Mulberry 
and  Sipsey  forks),  Cahaba,  Coosa,  Tallapoosa,  Tensaw,  and  Tombigbee  rivers, 
and  Chewacla,  Cubahatchee,  Opintlocco,  Paint,  and  Uphaupee  creeks  in  Alabama, 
and  the  Conasauga  River  in  northwestern  Georgia,  USA.  Brimley  (1910)  erro- 
neously reported  a specimen  of  G.  pulchra  from  the  Flint  River  system  in  Georgia. 

Comments. --ThQ  type  specimens  of  G.  pulchra  Baur  (USNM  8808,  318254) 
include  two  subadult  female  specimens  in  alcohol:  one  intact  and  the  other  without 
a skull,  plus  a separate  dry  skull.  We  have  designated  the  intact  specimen  (USNM 
8808)  the  lectotype,  as  its  characters  are  consistent  with  provenance  in  the  Mobile 
Bay  Drainage.  Cagle  (1952)  questioned  whether  the  skull  (numbered  USNM 
029526)  belonged  to  the  headless  syntype  (now  USNM  318254),  and  suggested 
it  might  be  a skull  of  G.  oculifera.  We  compared  the  USNM  skull  with  a series 
of  skulls  of  adult  female  G.  oculifera  from  Copiah  County,  Mississippi  (CM  96224- 
96225,  96264-96267).  The  USNM  skull  is  considerably  larger  than  the  largest  G. 
oculifera  skull,  much  heavier,  and  has  the  alveolar  surfaces  noticeably  broadened. 
The  ratio  of  skull  length  to  width  in  the  G.  oculifera  skulls  (L/W)  averages  1.68 
(1.65-1.70).  In  the  USNM  skull  L/W  is  1.50.  We  conclude  that  the  skull  does  not 
represent  G.  oculifera,  and  therefore  is  probably  correctly  associated  with  the 
headless  paralectotype  of  G.  pulchra. 

Graptemys  barbouri  Carr  and  Marchand 

Graptemys  barbouri  Carr  and  Marchand,  1942:98.  Type  locality,  “Chipola  River,  north  of  Marianna, 
Jackson  County,  Florida.”  Holotype,  MCZ  46251,  collected  by  A.  F.  Carr,  Jr.,  and  T.  Barbour, 
1941. 

Diagnosis.— K relatively  high-domed  Graptemys  with  a single,  conspicuous, 
curved  yellow  bar  on  the  upper  surface  of  each  marginal  scute.  The  seams  sep- 
arating the  lower  marginals  have  wide,  diffuse  dark  borders  that  sometimes  form 
one  or  two  semicircles.  The  head  pattern  consists  of  a distinct  yellow  interorbital 
blotch  that  tapers  to  a point  near  the  external  nares  after  passing  between  the 
orbits.  In  the  center  of  this  blotch,  behind  the  orbits,  is  a heart-shaped  or  Y-shaped 
dark  mark  with  a lighter  central  marking  of  the  same  shape.  The  interorbital 
blotch  is  broadly  fused  with  the  prominent  yellow  postorbital  blotches.  The  un- 
derside of  the  lower  jaw  has  a transverse  light  bar. 

Variation.— CarapacQ  length  to  330  mm  in  females  and  130  mm  in  males.  Carapace  high  domed 
with  mean  individual  CH/CL  0.40  (males),  0.42  (females),  and  0.47  (immatures).  Mean  individual 
CW/CL  0.78  (males),  0.78  (females),  and  0.90  (immatures).  Median  keel  of  carapace  pronounced,  tips 
of  vertebral  spines  black.  Small  specimens  with  raised  areas  on  anterior  pleural  scutes.  Carapace  olive 
to  olive-brown,  with  wide,  yellow,  C-shaped  markings  on  pleural  scutes.  Marginals  with  a relatively 
wide,  curved  yellow  bar  on  upper  side  roughly  perpendicular  to  carapace  edge  at  outer  end.  Mean 
individual  MPIG/MWID  0.09  in  all  specimens,  and  0.09  (males),  0.08  (females),  and  0. 1 1 (immatures). 
Mean  individual  WLMP/MWID  0.62  in  all  specimens,  and  0.66  (males),  0.59  (females),  and  0.63 
(immatures). 

Plastron  length  to  252  mm  in  females  and  1 10  mm  in  males.  Plastral  central  seam  contacts  usually 
longest  between  abdominals,  femorals,  and  anals.  Modal  plastral  formula  (36%)  AB  > AN  > F > P 
> G > H (n  = 38),  and  next  most  common  (25%)  AN  > AB  >F>P>G>H(n  = 26).  Twenty- 
three  other  formulae  occurred.  Less  than  30%  of  plastral  formulae  shared  with  G.  ernsti,  G.  gibbonsi, 
or  G.  pulchra.  Bridge  well  developed  and  plastron  notched  posteriorly.  Immatures  with  prominent 
ridges  and  spines  on  pectoral  and  abdominal  scutes.  Plastron  pale  yellow,  hingeless,  with  seam- 
following dark  pigment  on  transverse  seams. 

A “broad-headed”  Graptemys  with  adult  females  having  much  wider  heads  than  males.  Mean 
individual  JW/CL  0.12  (males)  and  0.17  (females).  Jaw  outline  broadly  curved,  rostrum  blunt;  angle 
between  sides  of  upper  jaw  viewed  from  above  in  largest  females  >90°.  Ground  color  of  head  and 
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limbs  dark  brown  to  black  with  light  yellow  or  yellowish-green  stripes  and  blotches.  Dorsal  head 
pattern  with  large  interorbital  blotch  broadly  connected  to  postorbital  blotches,  tapering  to  a point  in 
front  of  orbits.  Heart-shaped  or  Y-shaped  middorsal  dark  mark  with  lighter  mark  inside  behind  orbits. 
Chin  with  transverse  light  bar  that  follows  jaw  curve.  Dorsal  neck  stripes  relatively  thick  and  roughly 
equal  sized.  Feet  webbed  and  tail  and  limbs  striped. 

Both  sexes  with  relatively  flat  plastrons.  Females  much  larger  (mean  female  CL/mean  male  CL  = 
1.71,  including  immatures)  with  conspicuously  enlarged  heads  and  hypertrophied  alveolar  surfaces 
on  the  jaws.  Males  have  longer  tails  with  vent  posterior  to  carapace  edge  when  extended. 

Distribution. —Graptemys  barbouri  occurs  in  large  to  medium-sized  rivers  emp- 
tying into  Apalachicola  Bay,  including  the  Chipola,  Apalachicola,  Chattahoochee, 
and  Flint  rivers  in  eastern  Alabama,  western  Georgia,  and  western  Florida,  USA. 
During  the  Pleistocene,  the  range  of  the  species  may  have  extended  eastward  into 
the  Suwannee  River  Drainage,  northern  Florida  (Jackson,  1975).  Cagle  (1952) 
reported  both  G.  barbouri  and  G.  '"pulchra"'  {=G.  ernsti)  from  the  Escambia  River. 
Dobie  (1972)  re-examined  the  specimens  and  original  field  notes  and  concluded 
that  data  had  been  inadvertently  transposed  and  the  Escambia  record  of  G.  bar- 
bouri is  erroneous  {see  Sanderson  and  Lovich,  1988). 

Key  to  Species  of  the  Graptemys  pulchra  Group 

la.  Interorbital  and  postorbital  blotches  separate  or  connected,  no  central 

dark  heart-shaped  figure;  chin  with  longitudinal  light  stripe;  rostrum  (in 
largest  females)  pointed,  angle  formed  by  sides  of  jaw  viewed  from  above 
<90°  2 

lb.  Interorbital  and  postorbital  blotches  fused,  with  a central  dark  heart- 
shaped  figure;  chin  with  transverse  light  bar;  rostrum  (in  largest  females) 
short  and  blunt,  angle  formed  by  sides  of  jaw  viewed  from  above  >90° 

Graptemys  barbouri 

2a.  Interorbital  blotch  connected  to  postorbital  blotches;  supraoccipital  spots 
or  bulbous  expansions  of  dorsal  paramedian  neck  stripes  rarely  present; 

nasal  trident  present  or  absent. 3 

2b.  Interorbital  blotch  not  connected,  or  rarely,  narrowly  connected  to  post- 
orbital blotches;  supraoccipital  spots  or  bulbous  expansions  of  dorsal 

paramedian  neck  stripes  present;  nasal  trident  well  developed 

....................................................  Graptemys  ernsti 

3a.  Nasal  trident  usually  present;  single  wide,  yellow  bar  (16-21%  scute 
width)  on  dorsal  surface  of  each  marginal  scute  .......  Graptemys  gibbonsi 

3b.  Nasal  trident  usually  absent;  narrow  concentric  yellow  ocelli  (no  more 
than  10%  scute  width)  on  dorsal  surface  of  each  marginal  scute  ....... 

Graptemys  pulchra 


Discussion 

The  evolutionary  history  and  taxonomy  of  the  genus  Graptemys  have  been 
controversial  (Dobie,  1981;  Ernst  and  Bury,  1982).  Based  on  skull  characters, 
McDowell  (1964)  included  Graptemys  in  the  genus  Malaclemys.  He  concluded 
that  Graptemys  did  not  deserve  even  subgeneric  recognition,  since  differences 
between  M.  terrapin  and  G.  kohni  were  no  greater  than  those  between  G.  kohni 
and  G.  geographica.  In  addition,  he  considered  Malaclemys  to  have  more  than 
two  natural  subgroups.  Subsequent  authors  rejected  this  classification  (Ernst  and 
Barbour,  1972;  McKown,  1972;  Dobie  and  Jackson,  1979),  restoring  Graptemys 
to  generic  status.  Wood  (1977)  recognized  that  the  two  genera  were  osteologically 
very  similar,  but  separated  them  on  the  basis  of  physiological  and  pattern  differ- 
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ences.  He  concluded  that  Malaclemys  was  ancestral  to  Graptemys.  Dobie  (1981) 
showed  that  Graptemys  and  Malaclemys  are  well  differentiated  in  both  external 
and  osteological  characters.  He  concluded  that  the  Recent  species  of  Graptemys 
were  derived  from  other  species  of  Graptemys,  which  were  derived  from  a Pseud- 
emys  or  Pseudemys-likQ  ancestor. 

The  alpha  taxonomy  of  Graptemys  has  been  especially  fluid,  due  in  large  part 
to  relatively  recent  recognition  of  the  diversity  of  the  genus.  Eight  species  {barbouri, 
caglei,  ernsti,  flavimaculata,  gibbonsi,  nigrinoda,  ouachitensis,  and  versa)  and  two 
subspecies  {ouachitensis  sabinensis  and  nigrinoda  delticola)  have  now  been  de- 
scribed in  this  century.  The  validity  of  these  taxa  has  been  confirmed  in  some 
cases  (Killebrew,  1979;  Bertl  and  Killebrew,  1983),  and  questioned  in  others 
(Folkerts  and  Mount,  1970;  Freeman,  1970;  Vogt,  1980). 

Recognition  of  Graptemys  ernsti  and  G.  gibbonsi  is  consistent  with  the  high 
level  of  drainage- specific  endemism  and  speciose  nature  of  the  genus  Graptemys. 
Graptemys  pulchra  (sensu  lato)  was  the  only  Gulf  Coast  species  of  the  genus  that 
was  not  restricted  to  a single  drainage.  In  the  present  arrangement,  G.  gibbonsi 
becomes  the  only  Gulf  Coast  Graptemys  that  occurs  in  more  than  one  drainage 
system  (being  found  in  the  Pearl  and  Pascagoula  rivers).  However,  this  distribution 
is  consistent  with  the  zoogeographic  evidence  {see  below). 

The  historical  factor  that  we  consider  most  important  in  diversification  in  the 
G.  pulchra  group  is  a sequence  of  vicariant  events  related  to  sea  level  fluctuations 
along  a relatively  static  continental  morphology  during  the  Pliocene  and  Pleis- 
tocene. This  hypothesis  is  supported  by  data  for  freshwater  fish  and  other  organ- 
isms in  the  southeastern  United  States  (A vise,  1992).  We  consider  the  data  for 
fish  to  be  applicable  to  Graptemys  since,  like  freshwater  fish,  turtles  of  this  genus 
are  effectively  confined  to  rivers  and  neither  disperse  overland  nor  enter  salt  water 
(McCoy  and  Vogt,  1980).  Wood  (1977)  emphasized  the  effectiveness  of  barriers 
to  genetic  exchange  between  Graptemys  populations  in  independent  Gulf  Coast 
drainages  which  are  isolated  at  their  mouths  by  salt  marshes. 

Information  summarized  by  Swift  et  al.  (1985)  and  Bermingham  and  Avise 
(1986)  indicates  that  sea  levels  were  elevated  50-80  m above  present  levels  in  the 
Pliocene.  The  duration  of  inundation  was  relatively  short,  lasting  only  about  one 
million  years.  The  late  Pliocene  drop  was  followed  by  at  least  three  Pleistocene 
fluctuations  that  rose  no  more  than  10-20  m above  present  levels  and  fell  80- 
160  m below  (Swift  et  al.,  1985;  Jackson,  1975;  Poag,  1973).  The  fluctuations 
that  occurred  during  the  Pliocene  were  probably  responsible  for  most  of  the 
speciation  events  due  to  vicariance  in  fish  of  the  southeastern  United  States. 
Subsequent  fluctuations  during  the  Pleistocene  probably  resulted  in  range  ad- 
justments due  to  dispersal,  but  little  speciation  or  extinction  (Swift  et  al,  1985). 
During  periods  of  high  sea  levels  many  Coastal  Plain  drainages  were  almost 
completely  covered  by  salt  water.  Major  drainages  with  headwaters  above  the 
Fall  Line  were  isolated  during  these  times  and  formed  refugia  for  freshwater 
species.  The  results  of  high  sea  levels  would  be:  (1)  extinction  of  locally  differ- 
entiated forms  in  small  Coastal  Plain  rivers,  with  attendant  reduction  in  overall 
levels  of  genetic  diversity;  and  (2)  opportunities  for  initiation  of  significant  di- 
vergence between  isolated  lineages  (Bermingham  and  Avise,  1986).  As  sea  levels 
fell,  dispersal  was  facilitated  by  coalescence  of  adjacent  drainages  into  canyons 
beyond  the  present  shoreline.  Thus,  taxa  in  upland  drainages  could  colonize 
adjacent  lowland  drainages  during  periods  of  low  sea  level,  only  to  be  isolated 
once  sea  levels  rose  again. 
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Swift  et  al.  (1985)  considered  sea  level  fluctuations  to  be  largely  responsible  for 
modem  patterns  of  distribution  in  freshwater  fish  of  the  southeastern  United 
States.  These  patterns  include:  (1)  a major  break  in  faunas  at  the  Mobile  Bay 
drainage  and  the  Apalachicola  River,  based  on  phenetic  clustering  of  species 
occurrence  data;  (2)  mostly  allopatric  distributions  from  Lake  Ponchartrain,  Lou- 
isiana, to  the  Choctowhatchee  River  in  Florida;  (3)  lowland  streams  and  adjacent 
larger  upland  streams  generally  sharing  similar  ichthyofaunas;  and  (4)  the  existence 
of  two  or  three  sister  species,  one  each  in  the  Mobile  Bay  drainage  system,  the 
Escambia  to  Choctawhatchee  drainages,  and  streams  west  of  Mobile  Bay. 

The  results  of  Swift  et  al.  (1985)  are  largely  congruent  with  those  of  Bermingham 
and  Avise  (1986)  who  studied  mitochondrial  DNA  (mtDNA)  polymorphisms  in 
four  species  of  freshwater  fish  in  the  same  region.  Major  genetic  breaks  were 
observed  at  Mobile  Bay  and  the  Apalachicola  River.  The  latter  authors  also  noted 
that  the  Escambia  River  is  characterized  by  an  unusually  high  number  of  endemic 
mtDNA  clones.  Using  a molecular  clock  based  on  data  for  mammals  they  con- 
cluded that  major  genetic  breaks  occurred  in  the  fish  genus  Lepomis  3-4.5  million 
years  before  present:  an  interglacial  period  when  sea  levels  were  50-80  m above 
present  levels  and  headwaters  populations  would  have  been  isolated. 

The  scenario  outlined  above  provides  a possible  explanation  for  divergence  in 
the  G.  pulchra  group.  We  propose  that  the  ancestral  stock  which  gave  rise  to  this 
group  was  isolated  in  streams  draining  into  the  Mobile  Bay  and  the  Apalachicola 
River  during  periods  of  high  sea  level.  Drops  in  sea  level  allowed  these  upland 
forms  to  invade  adjacent  drainages,  following  divergence,  through  drainage  co- 
alescence near  river  mouths.  If  Pliocene  vicariant  events  are  responsible  for  ini- 
tiation of  major  differences  among  modem  taxa,  then  it  seems  plausible  that 
ancestral  forms  exhibited  little  character  divergence  and  had  widespread  distri- 
butions. The  existence  of  fossils  similar  to  G.  barbouri  far  to  the  east  of  the  present 
distribution  provides  support  for  this  hypothesis,  as  does  the  fact  that  represen- 
tatives of  the  Graptemys  pulchra  group  are  presently  distributed,  almost  contin- 
uously, along  the  northern  shore  of  the  Gulf  of  Mexico  as  far  west  as  the  Mississippi 
Embayment  (Jackson,  1975). 

In  our  hypothesis  forms  ancestral  to  G.  ernsti  and  G.  gibbonsi  left  the  Mobile 
Bay  drainage  during  periods  of  lowered  sea  levels  and  invaded  drainages  emptying 
into  Pensacola  Bay  to  the  east,  and  the  Pearl  and  Pascagoula  rivers  to  the  west. 
The  endemic  crawfish  (Neill,  1957)  and  fish  (Swift  et  al.,  1985)  of  the  Pensacola 
Bay  system  may  be  of  similar  origin.  These  forms  were  subsequently  isolated 
when  sea  levels  rose  again,  eventually  leading  to  divergence  from  the  ancestral 
stock.  Similar  dispersal  occurred  in  forms  ancestral  to  G.  barbouri  as  evidenced 
by  the  presence  of  fossils  in  the  Suwannee  River  system  (Jackson,  1975).  The 
reason  for  extinction  of  the  Pleistocene  Graptemys  of  the  Santa  Fe  River,  Florida, 
is  unknown. 

Independent  support  for  our  hypothesis  was  provided  by  Trip  Lamb  (personal 
communication)  who  is  studying  molecular  variation  in  Graptemys  and  Mala- 
clemys  using  analysis  of  mitochondrial  DNA  (mtDNA).  Three  of  17  restriction 
endonucleases  revealed  mtDNA  polymorphisms  in  a small  sample  of  G.  pulchra 
(sensu  lato).  Four  restriction  site  changes  were  observed  identifying  three  mtDNA 
clones:  (1)  Yellow-Conecuh  rivers,  (2)  Alabama  River,  and  (3)  Pearl  River  (spec- 
imens were  not  sampled  from  the  Pascagoula  River).  There  was  one  site  gain 
between  the  Yellow-Conecuh  and  Alabama  River  genotypes,  and  three  site  losses 
between  the  Alabama  River  and  the  Pearl  River  genotypes.  Although  there  was 
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opportunity  for  divergence  of  these  genotypes  as  early  as  the  Pliocene,  the  mtDNA 
data  suggest  that  differentiation  was  initiated  more  recently,  perhaps  during  the 
Pleistocene.  The  same  battery  of  1 7 restriction  endonucleases  did  not  differentiate 
other  groups  of  Gulf  Coast  Graptemys.  Preliminary  cladistic  analysis  of  mtDNA 
data  included  G.  barbouri  and  G.  puichra  (sensu  lato)  in  the  same  clade. 

The  parallel  divergence  exhibited  by  the  G.  puichra  group  and  many  freshwater 
fishes  is  remarkable.  Both  show  patterns  of  allopatric  sister  taxa,  with  one  each 
in  the  Mobile  Bay  system,  in  the  Escambia  and  Choctawhatchee  Bay  drainages, 
and  in  rivers  to  the  west  of  Mobile  Bay.  In  addition,  adjacent  lowland  drainages 
between  larger  upland  drainages  tend  to  share  similar  faunas.  In  the  case  of 
Graptemys,  the  Pearl  and  Pascagoula  rivers  both  have  G.  gibbonsL  This  appears 
to  contradict  the  usual  pattern  of  drainage-specific  endemism  in  Gulf  Coast  Grap- 
temys. However,  these  rivers  also  have  almost  identical  ichthyofaunas  (Swift  et 
al.,  1985).  Two  other  species  of  Graptemys  are  found  in  the  Pearl  and  Pascagoula 
rivers:  G.  oculifera  in  the  Pearl  and  G.  flavimaculata  in  the  Pascagoula.  These 
two  species  were  probably  derived  from  a common  ancestor  very  recently  as 
evidenced  by  their  morphological  similarity  (Cagle,  1954).  They  have  been  treated 
as  subspecies  (Wermuth  and  Mertens,  1961).  The  mouths  of  the  Pearl  and  Pas- 
cagoula rivers  were  20-30  km  east  of  their  present  locations  before  the  Pleistocene 
(Swift  et  al.,  1985).  During  Pleistocene  realignment  of  these  drainages  there  may 
have  been  intermittent  freshwater  connections,  or  even  a transitory  common 
estuary,  which  could  have  facilitated  exchange  of  gene  pools  and  faunal  elements. 
Isolation  of  Graptemys  gibbonsi  from  G.  puichra  in  the  Mobile  Bay  Drainage  was 
assured  by  the  presence  of  the  Wiggins  Uplift,  a structural  feature  dating  from 
the  Oligocene  that  separates  inland  portions  of  those  drainages  in  eastern  Mis- 
sissippi and  western  Alabama  (Swift  et  al.,  1985). 

The  similarity  between  G.  ernsti  and  G.  gibbonsi  noted  by  Tinkle  (1962)  and 
Shealy  (1976)  and  in  this  study  may  be  due  to  convergence  in  similar  selective 
regimes.  These  taxa  both  have  relatively  high  shells  with  wide  yellow  bars  on  the 
upper  marginals.  It  may  be  significant  that  yellow  marginal  pigmentation  is  most 
extensive  in  G.  gibbonsi,  which  occurs  in  sympatry  with  G.  oculifera  and  G. 
flavimaculata,  the  two  species  of  the  genus  with  the  greatest  amount  of  yellow 
pigmentation.  Shealy  (1976)  suggested  that  the  relatively  flat  shell  of  G.  puichra 
may  be  related  to  turbulence  in  Fall  Line  streams.  The  existence  of  the  flattened 
musk  turtle  (Sternotherus  depressus),  a species  endemic  to  the  upper  Mobile  Bay 
drainage,  lends  support  to  this  theory  (Ernst  et  al.,  1989).  Moreover,  there  are 
local  populations  of  ‘‘flattened”  individuals  of  other  species,  such  as  Pseudemys 
concinna,  in  headwaters  streams  of  the  Mobile  Bay  drainage  (R.  C.  Vogt,  personal 
communication). 
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Appendix  1.  Specimens  Examined 
{See  Acknowledgments  for  explanation  of 
museum  abbreviations) 

Graptemys  barbouri  (total  101)— ALABAMA:  Houston  Co.,  Chattahoochee  R., 
Chattahoochee  River  State  Park  (AUM  14278).  FLORIDA:  no  specific  locality 
(UGAMNH  3883);  Calhoun  Co.,  Chipola  R.  (TU  16899),  Chipola  R.,  1 mi  S 
Scotts  Ferry  (UGAMNH  3894-3895,  3898-3900),  Chipola  R.,  nr.  Scotts  Ferry 
(UGAMNH  3926);  Gadsden  Co.,  Apalachicola  R.,  Chattahoochee  (CM  67334, 
95997-95998);  Jackson/ Calhoun  cos.,  Chipola  R.  (TU  15399-15400,  15424- 
15429,  15440,  15755,  15757,  15760,  15762,  15781-15783); Ca,  Chipola 
R.,  2 mi  S Marianna  (AUM  8962,  8964,  8966-8967,  8989-8990,  9030,  11231), 
Chipola  R.,  4 mi  S Marianna  (TU  13410  [14],  13879  [39],  14939),  Chipola  R., 
US  Hwy  90  (AUM  10101,  10104-10106),  Chipola  R.,  3 mi  S US  Hwy  90  (AUM 
12695-12696).  GEORGIA:  Crisp  Co.,  Flint  R.,  Lake  Blackshear,  US  Hwy  280 
(AUM  19358);  Dooly  Co.,  Flint  R.,  5 mi  up  from  Drayton  Bridge  (UGAMNH 
3933);  Dougherty  Co.,  Flint  R.,  Radium  Springs  (AUM  5955);  Upson  Co.,  Flint 
R.,  US  Hwy  19,  S Thomaston  (CM  67406,  95190). 

Graptemys  ernsti  (total  157)— ALABAMA:  Covington  Co.,  Yellow  R.,  5 mi  E 
Wing,  Co  Rd  4 (AUM  10095,  10097-10099,  21982,  21987),  Patsaliga  Cr.,  1 mi 
N Point  “A”  (AUM  3878);  Escambia  Co.,  Conecuh  R.,  East  Brewton  (AUM 
22019,  22026-22028,  32754,  32756,  32770),  Conecuh  R.,  1 mi  S East  Brewton, 
St  Hwy  4 1 (AUM  1 3649-1 3652,31 900,  3 1 902,  3 1 904),  Conecuh  R.,  8.2  mi  E East 
Brewton,  Co  Rd  20  (AUM  5002-5003,  5007-5008,  5596,  5907,  6282,  6312, 
13686),  Conecuh  R.,  E of  Brewton,  Co  Rd  63  (AUM  8845,  18233,  19501,  21970, 
22020-22025,  31890,  32757,  32764,  32766,  AUMP  990,  1000),  Conecuh  R.,  US 
Hwy29  (AUM  21972, 22017-22018, 31878-31880, 31883-31885, 32759,  32761, 
32768,  AUMP  942,  945,  2630,  2637,  2650),  Conecuh  R,  1.6  km  upstream  from 
Co  Rd  4,14  km  E East  Brewton  (CM  1 22403- 1 22407  paratypes,  1 22408  holotype, 
122409-122411  paratypes,  USNM  300604-300605  paratypes).  FLORIDA:  Es- 
cambia Co.,  Escambia  R.,  1.2  mi  E Century,  St  Hwy  4 (TU  13446-13448,  13456, 
13458,  13461,  13463,  15827  [40],  16576  [12],  16580  [8],  16665  [6]);  Okaloosa 
Co.,  Yellow  R.,  US  Hwy  90,  nr.  Milligan  (AUM  21981,  21983-21986,  21989, 
32456,  CM  1 14816-1 14818);  Santa  Rosa  Co.,  Yellow  R.,  Harold  (AUM  21980). 
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Graptemys  gibbonsi  (total  223) —LOUISIANA:  St.  Tammany  Par.,  Pearl  River, 
nr.  Pearl  River  (town)  (TU  7657,  7680,  15070),  Pearl  R.,  Northeastern  RR  cross- 
ing (TU  15072),  Pearl  R.,  Hub  Oil  Field  (TU  14958  [14],  14959  [4],  15330); 
Washington  Par.,  Bogue  Chitto  R.  (TU  16926),  Bogue  Chitto  R.,  Enon  (TU  13798 
[4]),  Pearl  River,  nr.  Angie  (TU  12194,  12262-12263,  12274,  12360,  12370), 
Pearl  R.,  Bogalusa  (AUM  5949),  Pearl  R.,  Lock  1 (TU  14957  [5]).  MISSISSIPPI: 
Clarke  Co.,  Chickasawhay  R.,  US  Hwy  45,  Shubuta  (CM  95879);  Copiah  Co., 
Pearl  R.,  St  Hwy  28,  E Georgetown  (CM  62162-62163,  67473-67483,  94903- 
94906, 94909, 94916-94920, 94935-94936, 94938-94941, 94946, 95050, 95055- 
95059,  95553,  95632,  95634,  95645-95647,  95650),  Pearl  R.,  25  mi  S Jackson 
(Hinds  Co.)  (AUM  21974-21976);  George  Co.,  Pascagoula  R.,  St  Hwy  26,  2 mi  E 
Benndale  (AUM  5966,  9547,  13657,  TU  14739  [12],  14919  [4]),  Pascagoula  R., 
nr.  Lucedale  (AUM  22014),  Pascagoula  R.,  10  mi  SW  Lucedale  (TU  16664); 
Greene  Co.,  Chickasawhay  R.,  Leakesville  (AUM  10299,  22002-22003,  22009- 
22010,  22015,  32411-32418,  CM  67454-67462,  94966-94967,  94970-94973, 
94976-94978  paratypes,  94979  holotype,  94980-94981,  94983,  95361-95362, 
95559, 95561,  95577  paratypes,  GMU  823),  Chickasawhay  R.,  2 mi  N Leakesville 
(AUM  25977),  Chickasawhay  R.,  US  Hwy  98  (AUM  22004-22008, 220 16,31876, 
32419-32424,  32427-32429,  TU  15916  [9]),  Leaf  R.,  US  Hwy  98,  McLain  (CM 
95563,  95570-95573);  Jackson  Co.,  Pascagoula  R.,  9.6  km  W Wade  (CM  95875); 
Lawrence  Co.,  Pearl  R.,  Monticello  (AUM  25140-25144,  32430-32439,  32441- 
32449,  32451,  CM  95663-95665),  Pearl  R.,  nr.  Oma  (TU  18043);  Marion  Co., 
Pearl  R.,  Columbia  Water  Park  (CM  95674),  Pearl  R.,  2.3  mi  E Sandy  Hook  (TU 
19344);  Pearl  River  Co.,  Pearl  R.,  St  Hwy  26  (E  Bogalusa,  Louisiana)  (CM  95688); 
Wayne  Co.,  Chickasawhay  R.,  4.8  km  W Waynesboro  (CM  67438-67444,  94948- 
94949). 

Graptemys  pulchra  (total  1 15)— ALABAMA:  Baldwin  Co.,  Alabama  R.  W 
Chrysler  (Monroe  Co.)  (AUM  32460-32461),  Tensaw  R.  (AUM  16200);  Cherokee 
Co.,  Weiss  Reservoir,  Lawrence  (AUM  16654);  Chilton  Co.,  Coosa  R.,  Mitchell 
Dam  (AUM  6291);  Clarke  Co.,  Tombigbee  R.,  Jackson  (AUM  5984);  Coosa  Co., 
Paint  Cr.  nr.  mouth,  7.5  mi  SSW  Talladega  Springs  (AUM  22896-22897);  Dallas 
Co.,  Cahaba  R.,  8 km  W Selma  (CM  95610,  95616-95618);  Elmore  Co.,  Coosa 
R.,  Wetumpka  (CM  95781-95784),  Tallapoosa  R.,  St  Hwy  229  (AUM  5961,  9660); 
Greene  Co.,  Black  Warrior  R.,  3 mi  E Eutaw  (TU  16613  [6],  16692,  16874  [2]); 
Hale  Co.,  Tombigbee  R.,  Birdseye  Landing,  12.8  km  N Demopolis  (CM  95852- 
95856),  Black  Warrior  R.,  0.5  mi  above  Lock  9 (TU  17151  [3]);  Jefferson  Co., 
Black  Warrior  R.,  Co  Rd  12,  6.4  km  W Graysville  (CM  95999),  Black  Warrior 
R.,  Taylor’s  Ferry,  3.4  mi  NE  Gilmore,  Co  Rd  46  (AUM  5594-5595),  Cahaba 
R.,  US  Hwy  280  (AUM  8743);  Lowndes  Co.,  Alabama  R.,  Prairie  Creek  Access, 
3.2  km  E Selma  (CM  95792-95800),  Alabama  R.,  12  mi  NW  White  Hall  (TU 
16611,  16691  (2)),  Tombigbee  R.,  7.5  mi  S mouth  of  Bultahatchie  Cr.  (AUM 
17131);  Macon  Co.,  Chewacla  Cr.,  Tuskegee  Nat.  For.  (AUM  19144),  Cubahatch- 
ee  Cr.,  US  Hwy  80  (AUM  22001),  Tallapoosa  R.,  Millstead  (AUM  10947,  22000), 
Uphaupee  Cr.,  pumping  station  off  US  Hwy  29  (AUM  12373);  Marengo  Co., 
Tombigbee  R.,  Demopolis  (AUM  21998),  Tombigbee  R.,  2.5  mi  WSW  Putnam 
(AUM  12568,  12690),  Tombigbee  R.,  3.5  mi  NW  Putnam  (AUM  15380);  Monroe 
Co.,  Alabama  R.,  5.5  mi  E Gosport  (TU  14731  [2]);  Montgomery  Co.,  nr.  Mont- 
gomery (USNM  8808  lectotype,  318254  paralectotype),  Alabama  R.,  US  Hwy 
31,  W Montgomery  (AUM  6305),  Tallapoosa  R.,  US  Hwy  231  (AUM  32459); 
Perry  Co.,  Cahaba  R.,  St  Hwy  14/183,  2.2  km  W Sprott  (CM  67426,  94994, 
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94997^94998,  95007,  95010-95011);  Shelby  Co.,  Coosa  R.,  nr.  Childersburg  (TU 
15588);  Sumter  Co.,  Tombigbee  R.  US  Hwy  11,  E Epes  (AUM  32463-32471, 
TU  16883  [3]);  Talladega  Co.,  Coosa  R.,  8 km  NW  Lincoln  (CM  95739-95743), 
Coosa  R.,  6 mi  E Pell  City  (TU  16632  [3],  16865);  Tuscaloosa  Co.,  Bankhead 
Lake,  mouth  of  Big  Yellow  Creek  (CM  95272,  95302),  Bankhead  Lake,  3.2  km 
S Franklin  Ferry  Bridge  (CM  95273),  Black  Warrior  R.,  above  Lock  9,  17.5  mi 
SSW  Tuscaloosa  (TU  14671  [4]),  Black  Warrior  R.,  20  mi  S Tuscaloosa  (TU 
15927);  Walker  Co.,  Mulberry  Fork  of  Black  Warrior  R.,  9 mi  E Jasper  (TU 
15903  [2],  16645,  16860  [2]),  Mulberry  Fork  of  Black  Warrior  R.,  Co  Rd  22  (CM 
95710),  Sipsey  Fork  of  Black  Warrior  R.,  Co  Rd  22  (CM  95609),  Black  Warrior 
R.  (TU  16060);  Wilcox  Co.,  Alabama  R.  (TU  19265);  Winston  Co.,  West  Branch 
Sipsey  Fork  of  Black  Warrior  R.,  1 mi  N St  Hwy  33  (GMU  2806).  GEORGIA: 
Whitfield  Co.,  Conasauga  R.,  10.9  mi  ENE  Dalton  (UGAMNH  15018). 


Appendix  2 

Identifications  of  illustrations  of  species  of  Graptemys  pulchra,  sensu  lato,  based  on  the  classification 

proposed  in  this  paper. 


Reference  Page  Comments 


Alderton(1988) 

123 

Ashton  and  Ashton 

136 

(1985) 

Behler  and  King  (1979) 

Plate  284 

Carr  (1952) 

212 

Conant(1975) 

Plate  8 

Conant  and  Collins 

Plate  6 

(1991) 

Dundee  and  Rossman 

Plate  10 

(1989) 

Ernst  and  Barbour 

116  (Fig.  92) 

(1972) 

116  (Fig.  93) 

Ernst  and  Barbour 

117  (Fig.  94) 

117  (Fig.  95) 

Plate  1 1 (top) 
Plate  1 1 (middle) 

219 

(1989) 

Mount  (1975) 

279 

Marion  (1986) 

280  (top) 

281  (left) 

281  (center) 

281  (right) 

51 

Pritchard  (1979) 

249 

Smith  and  Brodie 

53 

(1982) 

Wahlquist  (1970) 

10 

Specimen  is  incorrectly  identified  as  G.  pulchra.  It 
is  actually  G.  barbouri 
G.  gibbonsi 

G.  pulchra 

Probably  G.  gibbonsi 

Shell  pattern  typical  of  G.  gibbonsi 

Shell  pattern  typical  of  G.  gibbonsi 

A composite.  Head  pattern  is  typical  of  G.  ernsti 
and  shell  pattern  is  typical  of  G.  gibbonsi 
G.  gibbonsi 
G.  ernsti 
G.  ernsti 
G.  gibbonsi 
G.  gibbonsi 
G.  ernsti 
G.  gibbonsi 

G.  ernsti 
G.  ernsti 
G.  gibbonsi 
G.  ernsti 
G.  pulchra 
G.  ernsti 
G.  ernsti 

A composite.  Shell  pattern  typical  of  G.  gibbonsi. 
Head  pattern  typical  of  G.  ernsti 

G.  gibbonsi 
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Abstract 

Species  of  the  family  Cassidae  from  the  Neogene  of  southwestern  Florida  are  discussed,  and  Cassis 
ketteri  n.  sp.,  from  the  Buckingham  Formation,  Lower  Pliocene  at  Apac  Fla.,  Inc.,  quarry  (formerly 
Newbum  Mine),  Sarasota,  Sarasota  County,  Florida,  is  described. 


Introduction 

Strata  bearing  fossil  Mollusca  in  the  Florida  Neogene  have  produced  very  few 
genera  of  the  family  Cassidae.  Of  the  three  genera  known  to  exist,  only  Sconsia 
is  common.  Of  the  remaining  genera,  Cassis  and  Phalium,  the  latter  is  probably 
the  most  rare.  In  the  early  Pliocene  strata  exposed  in  the  quarry  of  Apac  Fla., 
Inc.,  Sconsia  hodgii  (Conrad,  1841)  appears  in  great  numbers  of  beautifully- 
preserved  specimens,  making  the  acquisition  of  complete  growth-series  possible. 
Phalium  {Tylocassis)  inflatum  waltonensis  (Mansfield,  1935)  has  been  very  rarely 
found  at  the  Apac  Ha.,  Inc.,  pit.  In  addition,  Phalium  {Tylocassis)  granuiatum 
(Bom,  1778)  appears  in  the  later  Bermont  Formation  of  Belle  Glade,  Horida. 
Phalium  alligator  Petuch,  1991,  was  described  from  dredge  spoil  from  the  Ca- 
loosahatchee  Formation  along  the  Miami  Canal,  Palm  Beach  County,  Horida. 

Of  the  genus  Cassis,  fossil  specimens  are  few  and  far  between.  After  1 5 years 
of  collecting  in  various  southwestern  Horida  pits  only  1 4 examples  were  available 
for  a comparative  study.  One  species,  Cassis  floridensis  Tucker  and  Wilson,  1932 
(Fig.  1,  3,  5,  7,  9,  1 1),  is  found  in  sufficient  numbers  of  specimens  to  reconstruct 
a growth  pattern.  It  resembles  Cassis  madagascariensis  spinella  Clench,  1944, 
which  is  rare  in  Horida  but  known  from  North  Carolina  to  Yucatan,  Mexico,  the 
Greater  Antilles,  and  Bermuda  (Yokes  and  Yokes,  1983;  Abbott,  1974:fig.  1743). 
Both  nominal  species  have  closely-spaced,  small,  even  shoulder  nodes  and  an 
overall  reticulated  sculpture,  and  are  conspecific. 

Another  species.  Cassis  delta  Parker,  1948,  from  the  Miocene  Chipola  For- 
mation of  Calhoun  County,  Horida,  has  a bizarre  appearance.  It  was  compared 
by  its  author  to  Cassis  sulcifera  Sowerby  (1850:plate  10,  fig.  1)  from  the  Cercado 
and  Gurabo  formations  of  the  Dominican  Republic  (Yokes,  1990).  Abbott  (1968: 
51)  suggested  that  C.  delta  may  be  a synonym  of  C.  sulcifera  Sowerby,  and  is 
evidently  related  to  C.  tuberosa  (Linnaeus,  1758). 
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The  genus  Cassis  may  have  been  more  prevalent  in  the  Neogene  pits  of  the 
Sarasota  area  than  we  realize,  since  the  larger  the  shell,  the  more  damage  seems 
to  occur  due  to  mining.  Large  drag-lines  bite  through  a given  stratum,  raise  the 
load  high  in  the  air,  then  dump  the  contents  onto  spoil  piles.  Smaller  shells  often 
come  through  intact,  whereas  large  specimens  are  either  cut  into  pieces  by  the 
blade  of  the  bucket,  or  are  fragmented  by  the  fall.  Juvenile  and  sub-adult  specimens 
of  Cassis  floridensis  are  more  often  retrieved  than  adults  that  have  reached  full 
size.  The  largest  and  most  intact  specimens  have  been  collected  in  situ  in  the 
matrix  of  the  stratum,  without  having  gone  through  the  drag-line  experience. 

Another  possible  reason  for  the  dearth  of  large  fossil  specimens  of  Cassis  is  that 
the  species  are  known  to  live,  in  the  Recent,  in  relatively  deep  water  of  10-20 
feet.  In  Neogene  seas,  peninsular  Florida  must  have  periodically  had  shallow 
water  on  the  fringe  of  the  ocean  as  the  water  rose  and  receded.  Perhaps  not  many 
of  the  then-existing  helmet  shells  wandered  in  close  to  the  shore. 

Ancestors  of  the  Recent  Cassis  in  the  area  were  of  greater  size  and  weight  in 
full  adult  stage,  with  greater  development  of  the  upper-left  border  of  the  parietal 
shield.  The  sculpture  of  the  upper  whorls,  from  shoulder  up,  was  stronger  and 
more  characteristic  than  in  Recent  species.  In  C.  delta,  for  example,  juveniles 
show  strongly-developed  radial,  undulate  costulae  between  the  sutures  and  the 
corded  margin  of  the  whorls,  a feature  which  persists  even  in  gerontic  specimens. 

On  8 August  1987,  Thomas  F.  Ketter  of  Bradenton,  Florida,  collected  a large 
and  almost  intact  specimen  of  Cassis,  in  situ,  representing  a new  species.  The 
specimen  was  taken  from  a sheer  wall  through  the  Buckingham  Formation  exposed 
at  the  Apac  Fla.,  Inc.,  mine,  Honore  Road,  Sarasota,  Florida,  at  the  extreme  north 
end  of  the  pit.  This  stratum  corresponds  to  beds  7a  and  7b  of  Petuch’s  stratigraphy 
(1982)  of  the  Buckingham  Formation  (Petuch,  1986,  1987),  the  Pinecrest  Beds 
of  Olsson  and  Petit  (1964),  and  the  Middle  Fruitville  Formation  of  Waldrop  and 
Wilson  (1990).  This  level  of  the  mine  is  amazingly  fossiliferous  and  the  spoil  has 
produced  many  examples  of  the  following  species:  Busycotypus  bicoronatum  Tripp, 
1988;  Cassis  floridensis  Tucker  and  Wilson,  1932;  Chicoreus  floridanus  Yokes, 
1966;  Cymatium  {Linatella)  floridanum  Mansfield,  1930;  Hystrivasum  locklini 
(Olsson  and  Harbison,  1953);  Murexiella  textilis  (Gabb,  1873);  Sconsia  hodgii 
(Conrad,  1841);  Siphocypraea  trippeana  Parodiz,  1988. 

Systematic  Paleontology 

Subclass  Prosobranchia 
Order  Archaeogastropoda 
Superfamily  Tonnoidea 
Family  Cassidae 

Cassis  ketteri,  new  species 
(Fig.  2,  4,  6,  8,  10,  12) 

Diagnosis.  shell  of  this  species  of  Cassis  may  be  distinguished  from  con- 
geners by  the  combination  of  dome-shaped  spire,  the  parietal  shield  not  projecting 
above  the  shoulder  of  the  body-whorl  and  the  anterior  columella  with  a large 
raised  protuberance. 

Description.  — ShtW  slender  and  elongated.  The  spire  is  dome-like  and  consists  of  ten  rounded  whorls; 
the  protoconch  is  raised  but  incomplete,  having  been  mutilated  on  one  side  by  a predator.  Spire  whorls 
not  decidedly  conic,  but  distinctly  convex.  The  sculpture  of  the  spire,  from  the  third  whorl  to  the 
shoulder,  consists  of  numerous  axial-oblique  costulae;  in  each  whorl  these  costulae  are  divided  into 
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Fig.  1-4. —Ventral  and  dorsal  aspect  of  Cassis  species:  1.  Ventral  view,  C.  floridensis;  2.  Ventral  view, 
C.  ketteri;  3.  Dorsal  view,  C floridensis;  4.  Dorsal  view,  C.  ketteri. 


two  sections  at  the  middle  and  at  the  base  making  the  suture  crenulated  and  deep.  Close  to  the  shoulder 
the  costulae  are  finer  and  irregularly  spaced.  Below  the  shoulder  the  sculpture  is  replaced  by  the  regular 
lines  of  growth,  which  are  more  conspicuous  at  the  base.  The  shoulder  of  the  body  whorl  has  a row 
of  seven  heavy,  pointed  knobs  followed  by  several  (possibly  four)  additional  toobs  which  have 
coalesced  into  a bumpy,  solid  ridge,  terminating  at  the  outer  lip.  Below  the  line  of  shoulder  knobs, 
there  are  three  additional  horizontal  rows  of  heavy  knobs  located  at  the  middle  and  lower  sections  of 
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Fig.  5-8. —Posterior  and  anterior  aspect  of  Cassis  species:  5.  Posterior  view,  C.  jloridensis\  6.  Posterior 
view,  C.  ketteri;  7.  Anterior  view,  C.  floridensis;  8.  Anterior  view,  C.  ketteri. 


the  body  whorl;  each  of  these  lines  consists  of  only  four  knobs,  closer  vertically  but  well  separated 
horizontally.  Between  these  rows,  and  especially  on  the  lower  section,  there  are  finer,  but  strong,  spiral 
cords,  forming  regular  sulcations  in  between.  The  columella  is  wrinkled  with  fine  plications  on  the 
anterior  half  only  and  the  posterior  columella  has  a large  raised  protuberance  of  approximately  three 
millimeters  with  a smaller  rounded  pimple  beneath  it.  The  outer  lip  has  ten  very  narrow,  sharp  teeth, 
strongest  at  the  middle;  the  margin  of  the  lip  is  very  little  reflected.  The  intact  edge  of  the  oval-shaped 
parietal  shield  is  narrow  and  elongated,  extending  only  to  the  shoulder  line,  and  retains  a yellow  stain; 
the  yellow  coloring  remains  between  the  plications  of  the  anterior  columella.  The  shield  is  slightly 
reflected  at  the  shoulder  border  and  on  the  columellar  edge.  The  upper  half  of  the  shield  is  very  thin, 
allowing  the  spiral  cords  of  the  body  whorl  to  be  seen.  Eleven  regularly-spaced  rows  of  cords  are 
present  in  this  area.  These  rows  also  continue  on  the  columellar  side,  inside  the  aperture.  Inside  the 
long  and  narrow  aperture,  the  parietal  wall  is  very  white,  shiny,  and  almost  porcelaneous,  as  if  it  were 


Fig.  9-12.— Lateral  aspect  of  Cassis  species:  9.  Left  lateral  view,  C.  floridensis',  10.  Left  lateral  view, 
C ketteri',  1 1.  Right  lateral  view,  C.  floridensis;  12.  Right  lateral  view,  C ketteri. 
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a fresh  shell.  There  is  a dorsal  fold  or  sharp  varice  along  the  shell  which,  at  the  base,  touches  the  lower 
reflection  of  the  margin  of  the  parietal  shield  and  ends  at  the  umbilicus.  The  folding  of  the  columellar 
lip,  at  the  base  and  around  the  siphonal  canal,  forms  a false  umbilicus. 

Dimensions  of  the  holotype  are:  length  141  mm;  width  81  mm  at  the  body-whorl  suture;  width  85 
mm  at  the  shoulder;  width  43  mm  at  the  anterior  end,  including  end  of  siphonal  canal;  length  of  outer 
lip,  125  mm;  length  of  aperture,  1 10  mm;  width  of  aperture  at  entrance  of  siphonal  canal,  7 mm; 
width  of  aperture  at  widest  point,  18  mm;  width  of  columellar  callus  at  midpoint,  1 19  mm;  height  of 
spire  (apex  to  shoulder),  3 1 mm,  approximately  one-fifth  total  length  of  shell. 

Type  locality.  — Apac  Fla.,  Inc.,  Mine,  Honore  Road,  Sarasota,  Sarasota  County, 
Florida;  Buckingham  Formation,  Lower  Pliocene. 

Holotype.  — Section  of  Invertebrate  Zoology,  Carnegie  Museum  of  Natural  His- 
tory, Catalog  Number  47.209. 

Etymology. —The  new  species  is  named  for  Mr.  Thomas  F.  Ketter  who  discovered  the  holotype. 

Referred  material— A.  second,  larger  specimen  of  Cassis  ketteri  from  the  Apac  Fla.,  Inc.,  pit  was 
collected  by  Mrs.  Yvonne  Bequet  of  St.  Petersburg,  Florida.  In  this  specimen  the  shoulder  knobs  are 
sharply  pointed,  and  those  on  the  dorsum  are  quite  produced  and  flange-like.  However,  it  has  the 
same  dome-like  spire,  and  spiral  cords  on  the  dorsum  that  can  be  seen  through  the  thin  shield;  also 
the  same  upper-columellar  pimple.  The  shield  preserves  a stronger  coloration  than  in  the  holotype, 
and  the  aperture  is  wider.  This  specimen  has  only  three  rows  of  dorsal  knobs.  It  measures  166  mm 
in  length  by  123  mm  wide,  and  has  ten  outer  lip  teeth.  The  specimen  remains  in  Mrs.  BequePs 
collection  and  is  not  included  in  the  type  series. 

Another  specimen  of  C.  ketteri  was  collected  at  Warren  Bros,  pit  (Apac  Florida  Corporation)  by 
Mary  V.  Palmer  in  1974  and  is  now  in  the  private  collection  of  J.  J.  Tripp.  It  is  similar  to  the  holotype 
of  C.  ketteri  but  slightly  smaller.  It  has  the  same  number  of  outer  lip  teeth  and  dorsal  knobs  as  the 
holotype,  and  the  same  columellar  folds.  The  parietal  shield  is  thinner  than  in  the  holotype  of  C. 
ketteri,  orange  in  color,  and  very  shiny.  The  spiral  lines  at  the  dorsum  are  as  well  developed  as  in  the 
holotype  of  C ketteri. 

Comparisons.— T\\q  new  species,  Cassis  ketteri,  is  closer  to  Cassis  floridensis 
Tucker  and  Wilson,  1932  (Fig.  1,  3,  5,  7,  9,  11),  than  to  any  other  species. 
Comparing  specimens  of  approximately  the  same  size  and  stage  of  development, 
C.  floridensis  has  1 1 broad,  square  teeth  on  the  outer  lip,  and  C.  ketteri  has  only 
ten  narrow,  very  sharp  teeth,  which  are  arranged  horizontally  on  the  narrow  outer 
lip.  The  outer  lip  of  C floridensis  is  wider,  and  the  blunt  teeth  slope  anteriorly 
at  a definite  angle.  The  early  whorls  of  the  spire  in  C.  floridensis  are  flattish,  not 
dome-like  as  in  C ketteri.  The  axial  sculpture  of  the  two  species  is  similar,  although 
the  sutural  line  is  not  crenulated  in  C floridensis.  The  authors  of  C.  floridensis 
described  the  columella  as  '‘strongly  plicate  for  its  entire  length”;  in  C.  ketteri  the 
columella  is  wrinkled  with  fine  plications  only  on  its  anterior  half  Cassis  floridensis 
lacks  the  large  raised  protuberance  on  the  anterior  columella  and  the  smaller 
pimple  below  it  found  in  C ketteri. 

Again  quoting  Tucker  and  Wilson’s  (1932)  description  of  C floridensis,  “the 
outer  lip  has  ten  plications.”  In  a series  of  1 3 examples  of  C floridensis  (from  a 
juvenile  32  mm  long  to  a 228-mm  large  adult)  from  the  Apac  Fla.,  Inc.,  pit,  two 
have  1 1 wide,  heavy  teeth  on  the  outer  lip,  and  the  largest  specimen  has  only 
nine.  Therefore,  the  number  of  teeth  is  variable  within  the  species.  The  full-grown 
parietal  shield  of  C floridensis  is  thick  and  projects  well  above  the  body- whorl, 
beyond  the  shoulder,  while  in  C.  ketteri  the  intact  edge  of  the  shield  only  reaches 
the  shoulder  line.  In  general  shape  C floridensis  is  shorter  and  broader  than  C. 
ketteri  and  has  a shorter,  flatter  spire.  The  umbilical  area  is  similar  in  both  species. 

The  holotype  of  C.  floridensis  (Tucker  and  Wilson,  1932:plate  2,  fig.  2 and  5; 
plate  5,  fig.  2)  is  a young  shell,  with  the  spire  quite  elevated  and  not  convex,  and 
the  dorsum  crossed  by  about  1 4 regular  spiral  cords  which,  intersecting  with  the 
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axial  costulae  of  growth,  produce  a reticulated  pattern.  The  spiral  cords  are  well 
developed  under  the  parietal  shield  in  our  series  of  sub-adult  C.  floridensis,  as 
well  as  in  the  figured  holotype.  In  adult  specimens  they  almost  disappear.  In  the 
adult  holotype  of  C ketteri  these  lines  persist  in  a strong  and  regular  manner. 

The  protoconch  of  C.  floridensis  was  described  as  having  “about  three  smooth 
whorls.  Next  whorl  spirally  sculptured.”  In  our  series  of  C.  floridensis  those  with 
the  nuclear  whorls  preserved  show  a smooth  nucleus  of  one-and-one-half  whorls, 
followed  by  a smooth  first  post-nuclear  whorl,  and  radial  sculpture  beginning  on 
the  second  post-nuclear  whorl. 

Differences  between  the  older  Cassis  delta  Parker,  1948,  C.  ketteri,  and  C. 
floridensis  are  more  conspicuous.  The  spire  in  C.  delta  juveniles  is  higher  and 
very  acute,  and  the  aperture  wider  and  strongly  plicate  at  the  base  of  the  columellar 
margin.  The  sculpture  of  whorls  above  the  shoulder,  even  in  adults,  has  peculiar 
flamular  radial  costulations  which  are  stronger  than  those  found  in  C.  ketteri, 
which  begin  immediately  after  the  nucleus.  The  parietal  shield  in  C delta  is  “so 
alate  as  to  form  an  equilateral  triangle”  (Parker,  1948),  which  makes  the  aperture 
appear  comparatively  smaller  in  adults.  The  length  of  the  holotype  of  C.  delta  is 
approximately  the  same  as  that  of  the  holotype  of  C.  ketteri,  but  the  width  is 
much  greater,  reaching  140  mm  at  the  shoulder.  This  is  more  than  70  percent 
wider  than  C ketteri. 

Cassis  ketteri  belongs  to  the  same  species-group  as,  and  is  probably  ancestral 
to  Cassis  tuberosa  (Linnaeus,  1758),  a Recent  species  which  occurs  from  North 
Carolina  to  Brazil.  It  is  possible  that  some  specimens  from  Brazil  identified  as  C. 
tuberosa  are  actually  C madagascariensis.  Neither  C tuberosa  nor  C ketteri  have 
a reticulated  surface,  but  both  have  rounded  and  gently  convex  early  whorls  and 
prominent  shoulder  knobs.  These  knobs  are  more  closely  spaced  in  C tuberosa, 
followed  by  the  three  spiral  lines  of  knobs  just  above  the  shoulder  that  are  absent 
in  C.  ketteri.  The  shield  is  also  different  in  the  two  species:  C.  tuberosa  has  a 
roughly  triangular  shield,  but  not  as  triangular  as  that  of  C delta,  while  C ketteri 
has  an  oval,  narrowly  elongated  shield  which  conforms  to  the  general  shape  of 
the  shell. 

Cassis  madagascariensis  spinel  la  is  more  similar  to  C floridensis  than  to  C 
ketteri.  Since  C m.  spinella  is  found  at  several  localities  within  the  range  of  C. 
madagascariensis  madagascariensis,  it  is  not  a “geographical  race”  as  originally 
described,  nor  is  it  a subspecies.  If  the  differences  between  C.  madagascariensis 
and  C spinella  are  confirmed  as  constant  and  distinguishable,  then  it  must  be  a 
separate  species. 


Discussion 

A large  fossil  Cassis  specimen  was  borrowed  from  the  collection  of  Adam  Nosal, 
retired  miner-in-charge  of  fossilers  at  the  Apac  Fla.,  Inc.,  quarry,  where  the  spec- 
imen was  collected  and  is  displayed.  It  is  different  from  the  new  species.  This 
specimen  is  badly  damaged  on  the  lower  dorsum,  and  additionally  near  the  outer 
lip,  and  is  filled  with  shell  rubble  and  matrix.  There  is  also  minor  damage  just 
above  the  shoulder  and  severe  loss  on  the  reflected  canal.  The  nucleus  is  missing. 
The  outline  of  this  specimen  is  very  broad  at  the  shoulder  and  reduces  quite 
rapidly  to  the  pinched  anterior  canal.  There  are  ten,  plus  the  suggestion  of  an 
eleventh,  heavy,  blunt  knobs  on  the  shoulder.  Two  flange-like  knobs  at  mid- 
dorsum are  most  pronounced;  the  largest  measures  1 9 mm  high.  Two  additional 
rows  of  lesser-sized  knobs  follow  the  shoulder  line  dorsally.  There  are  nine  or  ten 
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heavy  cord-like  ridges  spaced  over  the  dorsum  and  these  cross  the  third  line  of 
knobs.  The  spire  consists  of  four  gently-rounded  whorls,  up  to  the  missing  nucleus. 
Minute  vertical  lines  cover  these  whorls.  The  triangular  columellar  shield  extends 
to  just  above  the  shoulder.  Approximately  24  thin,  wrinkle-like  plications  cover 
a little  over  half  of  the  anterior  columella.  Pale  orange  coloring  partially  remains 
on  the  callus.  Ten  blunt  teeth  are  spaced  on  the  outer  lip. 

The  height  of  this  specimen  is  182  mm;  height  of  shield,  150  mm;  width  of 
shoulder  including  knobs,  129  mm;  width  of  shield  at  shoulder,  80  mm. 

This  Cassis  specimen,  although  similar  in  some  ways  to  C,  ketteri,  is  distinct 
from  it  in  having  only  three  rows  of  dorsal  knobs,  compared  with  four  rows  in 
C.  ketteri.  The  shield  is  much  wider  on  this  specimen  and  the  body  whorl  is  much 
more  bulbous.  The  holotype  of  C.  ketteri  has  all  the  shoulder  knobs  of  approxi- 
mately uniform  size,  whereas  the  other  specimen  has  two  greatly  enlarged  dorsal 
shoulder  knobs  which  are  reminiscent  of  the  Recent  Pacific  Cassis  cornuta  Lin- 
naeus (1758),  It  is  apparent  that  this  specimen  is  similar  to  the  specimen  figured 
in  Petuch  (1988)  as  Cassis  floridensis  Tucker  and  Wilson,  1932.  Both  specimens 
belong,  apparently,  to  the  same  undescribed  species  which  is  different  from  C 
ketteri. 

Cassis  ketteri,  C.  delta,  C.  floridensis,  and  the  undescribed  species  mentioned 
above  possibly  form  an  intermediary  group  between  Cassis  and  Cypraecassis,  but 
it  would  be  premature  at  this  time  to  define  or  to  name  a formal  taxon  at  the 
generic  or  subgeneric  level. 

As  for  the  antiquity  of  the  genus  Cassis,  it  might  not  have  developed  before 
the  late  lower-  or  mid-Tertiary.  According  to  Abbott  (1968),  the  family  Cassidae 
originated  in  the  Eocene  and  by  the  Miocene  it  had  a worldwide  distribution  in 
warm  temperate  waters. 
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Abstract 

Two  new  genera  of  imbricate  North  American  spiriferoid  brachiopods  are  Tegulocrea,  type  species 
Spirifer  incertus  Hall  1858,  and  Fernglenia,  type  species  Spirifer  vernonensis  Swallow  1860,  assigned 
to  the  new  family  Imbrexiidae. 

A group  of  closely  related  and  morphologically  similar  North  American  species  of  the  genus  Spirifer 
are  differentiated  from  the  type  species  of  the  latter  on  the  basis  of  their  distinctive  growth  form. 
Mesochorispira  is  proposed  as  a new  subgenus  of  Spirifer  Sowerby,  1816,  with  Spirifer  grimesi  Hall 
1858,  as  the  type  species. 


Introduction 

In  connection  with  compiling  and  revising  the  families  and  genera  of  the  Late 
Paleozoic  and  Mesozoic  spiriferid  brachiopods  for  the  proposed  new  edition  of 
the  Treatise  on  Invertebrate  Paleontology,  it  became  apparent  that  several  species 
of  North  American  Lower  Carboniferous  spiriferids  could  not  be  placed  in  any 
existing  spiriferoid  genus.  Three  groups  of  such  species  can  be  distinguished  clearly 
and  are  described  as  new  genera  or  subgenera  herein. 

Two  of  the  new  genera  delineated  here  are  assigned  to  a new  family,  the  Im- 
brexiidae, which  is  characterized  by  having  imbricate  ornament  and  moderately 
to  freely  bifurcating  strong  ribs  on  the  lateral  slopes  and  fold-sulcus.  The  systematic 
position  of  this  family  is  discussed  below. 

A closely  related  group  of  several  species  of  the  cosmopolitan  Lower  Carbon- 
iferous genus  Spirifer  Sowerby,  1816,  constitutes  a morphologically  distinctive 
lineage.  These  species  are  segregated  from  Spirifer  striatus  and  are  described  as  a 
new  subgenus. 


Systematic  Paleontology 

The  specimens  illustrated  in  this  paper  are  deposited  in  the  collections  of  the 
Section  of  Invertebrate  Paleontology,  The  Carnegie  Museum  of  Natural  History. 

Superfamily  Spiriferoidea  King,  1 846 
[nom.  correct.  Carter,  herein  (pro  superfamily  Spiriferacea 
King,  1846,  nom.  transl.  Schuchert,  1896,  p.  333,  ex 
Spiriferidae  King,  1846,  p.  28)] 

Family  Imbrexiidae,  new  family 

Diagnosis.— EnXixQly  costate,  subquadrate  spiriferoideans  with  width  of  hinge- 
line equal  to  or  slightly  greater  than  maximum  width;  fold  and  sulcus  well  de- 
veloped, medially  subangular,  flaring  in  some  genera;  ventral  interior  with  short 
to  moderately  long  dental  adminicula  and  short  delthyrial  plate;  ornament  con- 
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sisting  of  moderately  numerous  strong  simple  or  bifurcating  costae;  micro-or- 
nament consisting  of  weak  capillae  and  regularly  imbricate  growth  lamellae. 

Genera  assigned.  — Imbrexia  Nalivkin  1937,  Fernglenia  n.  gen.,  Tegulocrea  n. 
gen.,  lAla  Nalivkin,  1979. 

Stratigraphic  — ?Middle  Toumaisian;  Upper  Toumaisian  or  early  Osa- 
gean. 

Remarks.  — This  family  is  readily  differentiated  from  most  of  the  other  spirifer- 
oid  families  by  its  imbricate  growth  lamellae.  Some  genera  of  the  Neospiriferidae 
are  weakly  to  moderately  imbricate  but  the  tegulate  lamellae  are  usually  confined 
to  the  anterior  portion  of  the  shell.  Imbrexiids,  in  having  well-developed  imbricate 
lamellae  on  the  entire  surface  of  the  shell,  are  similar  to  members  of  the  super- 
family Paeckelmanelloidea.  The  imbrexiids  differ  from  the  paeckelmannelloids 
in  having  a subquadrate  outline  and  more  numerous  ribs  that  commonly  bifurcate 
over  the  entire  surface.  Paeckelmannelloids  have  fewer  simple  costae  on  the  flanks 
and  the  sulcus  is  usually  smooth  or  with  a single  rib.  In  addition,  they  usually 
have  a widely  subtrigonal  outline  and  the  Late  Devonian  and  Lower  Carboniferous 
genera  are  usually  much  smaller  than  imbrexiids. 

Carter  (1974:684)  assigned  Imbrexia  Nalivkin  to  the  subfamily  Spiriferinae  on 
the  basis  of  its  spreading  fold-sulcus  and  bifurcating  costae.  No  other  member  of 
the  subfamily  Spiriferinae  possesses  an  imbricate  ornament.  The  description  of 
two  additional  imbricate  genera  which  share  several  diagnostic  morphological 
characters  with  Imbrexia  implies  a natural  grouping.  For  these  reasons  these 
genera  are  separated  from  the  Spiriferidae  into  a new  family. 

The  relationship  of  the  members  of  this  new  family  to  the  other  taxa  within 
the  superfamily  Spiriferoidea  is  not  obvious.  Two  of  these  genera  appear  cryp- 
togenically  at  nearly  the  same  level  in  the  lower  Burlington  Limestone  (Upper 
Toumaisian)  or  equivalent  strata  in  central  North  America.  Fernglenia  n.  gen., 
based  on  Spirifer  vernonensis  Swallow,  seems  to  have  appeared  slightly  before 
Imbrexia  Nalivkin  or  Tegulocrea  n.  gen.,  possibly  in  the  late  Middle  Toumaisian. 
If  that  is  true,  then  the  small  number  of  bifurcating  costae  in  this  genus  may  be 
significant  and  may  represent  the  most  primitive  condition  of  the  ornamentation 
in  this  group,  a very  important  character  in  spiriferoid  phylogeny  and  classifi- 
cation. 

Ala  Nalivkin  also  appeared  at  this  approximate  horizon  in  the  Upper  Tour- 
naisian  of  the  Ural  Mountains.  Nalivkin  (1979)  compared  his  new  genus  to  Pod- 
tsheremia  Kalashnikov  1966,  although  it  is  much  more  similar  externally  to  the 
genus  Imbrexia.  I recently  examined  the  holotype  of  Ala  and  could  not  detect 
micro-ornament  or  imbricate  growth  lamellae  due  to  incomplete  preservation  of 
the  primary  shell  layer.  Whether  or  not  Ala  is  imbricate  cannot  be  determined  at 
present.  If  it  proves  to  be  imbricate,  its  affinities  lie  with  this  new  family.  If  not, 
Nalivkin  probably  was  correct  in  aligning  it  with  Podtshermia  Kalashnikov  1966. 
Externally  it  is  very  similar  to  Imbrexia  except  for  occasional  trifurcations  of  the 
primary  umbonal  ribs. 

A moderate  number  of  mostly  simple  ribs  in  Fernglenia  n.  gen.  suggests  deri- 
vation from  some  member  of  the  subfamily  Prospirinae  Carter  1 974.  For  example, 
some  species  of  Prospira  Maxwell  and  Unispirifer  Campbell  are  strongly  imbricate 
anteriorly  but  have  smooth  non-imbricate  posterior  valves.  The  development  of 
imbricate  growth  lamellae  much  earlier  in  ontogeny  of  a similar  species  would 
result  in  the  completely  imbricate  ornament  seen  in  the  imbrexiids.  Bifurcating 
costae  on  the  lateral  slopes  of  the  prospirins  are  rare  as  in  the  (undescribed)  earliest 
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Fig.  l.—Fernglenia  vernonensis  (Swallow).  1.1,  imbricate  micro-omament,  near  mid-valve  of  an  adult 
specimen  from  the  Nunn  Member  of  the  Lake  Valley  Formation  at  Apache  Hill,  Sierra  County,  New 
Mexico  (SL626),  CM  35002,  x4;  1.2-1. 6,  ventral,  dorsal,  anterior,  posterior,  and  lateral  views  of  a 
medium-sized  rotund  specimen  from  the  Fem  Glen  Formation  at  Glen  Park  Station  (abandoned), 
Jefferson  County,  Missouri  (SL1037),  CM  35003,  x 1;  1.7-1.11,  ventral,  dorsal,  anterior,  posterior, 
and  lateral  views  of  a complete  but  partially  and  coarsely  silicified,  medium-sized  specimen  from  the 
Fem  Glen  Formation  at  Fem  Glen  Station,  St.  Louis  County,  Missouri  (SL1038),  CM  35004,  x 1. 


species  of  Fernglenia  from  the  Caballero  Formation  of  New  Mexico,  another 
prospirin  character. 


Fernglenia,  new  genus 
(Fig.  1.1-1.11,2) 

Type  species. —Spirifer  vernonensis  Swallow  1860,  p.  644. 

Etymology.— for  the  now  defunct  Fem  Glen  Station,  St,  Louis  County,  Missouri. 

Other  species  assigned.  — Besides  the  type  species  there  are  two  undescribed  species  in  North  America. 
One  is  a smaller  more  globose  species  with  rare  bifurcations,  from  the  Caballero  Formation  of  New 
Mexico.  It  has  a narrower  and  more  weakly  developed  fold  and  sulcus  than  F.  vernonensis  and  is 
found  in  slightly  older  strata.  The  other  undescribed  species  occurs  in  the  Banff  Formation  of  Alberta. 
It  differs  from  the  type  species  mainly  in  having  more  numerous  bifurcations  on  the  lateral  slopes. 
Neither  of  my  collections  of  these  species  is  adequate  for  description  and  illustration. 

Medium-size  imbrexiids  with  moderately  coarse  mostly  simple 
costae  on  lateral  slopes;  outline  transversely  subquadrate  to  subelliptical;  cardinal 
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Fig.  2.— Transverse  serial  sections  of  a medium-sized  specimen  of  Fernglenia  vernonensis  (Swallow) 
from  the  Nunn  Member  of  the  Lake  Valley  Formation  at  Apache  Hill,  Sierra  County,  New  Mexico 
(SL626),  CM  35005,  x 1.5.  Numbers  refer  to  distance  in  millimeters  from  ventral  beak. 


extremities  mucronate  in  juveniles,  truncated  or  slightly  mucronate  in  adults, 
rarely  alate;  maximum  width  attained  at  hingeline  or  anteriorly  near  mid-length; 
both  valves  well  inflated  but  dorsal  valve  not  as  convex  as  ventral;  fold  and  sulcus 
well  defined,  usually  with  seven  or  more  costae  and  a simple  median  sulcal  costa; 
first  lateral  costa  bounding  fold  invariably  bifurcates;  dental  adminicula  moder- 
ately long  for  family. 

Comparisons.— Tht  strong  usually  simple  costae  and  well-inflated  profile  of 
this  genus  serve  to  differentiate  it  from  other  genera  in  this  family.  Imbrexia 
Nalivkin  is  usually  larger  with  binary  costae  on  the  lateral  slopes  and  an  anteriorly 
flaring  fold  and  sulcus.  Tegulocrea  n.  gen.  has  a less  inflated  profile  and  much 
finer  more  freely  bifurcating  ribs  on  the  lateral  slopes.  Ala  Nalivkin,  if  it  belongs 
here,  is  much  larger  with  more  numerous  freely  bifurcating  or  even  trifurcating 
ribs  on  the  lateral  slopes. 

Remarks.— The  type  specimens  of  the  type  species  of  this  new  genus  were 

destroyed  in  a fire  in  the  late  1 9th  century  at  the  University  of  Missouri.  A neotype 
has  not  been  chosen.  To  further  complicate  matters  Swallow  (1860:644)  did  not 
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illustrate  his  new  species  nor  did  he  provide  a type  locality,  referring  it  only  to 
the  “Chemung”  of  St.  Louis  County,  Missouri.  Weller  (1909)  was  the  first  to 
illustrate  and  redescribe  this  species,  correctly  interpreting  Swallow’s  reference  to 
the  “Chemung”  as  being  the  same  horizon  as  his  Fern  Glen  Formation.  Weller 
originally  regarded  the  Fern  Glen  to  be  of  Kinderhookian  age  (which  19th  century 
workers  referred  to  as  “Chemung”)  but  later  (1 926:325)  reassigned  it  to  the  Osage- 
an.  Weller  (1909:303)  asserted  that  “Swallow’s  type  specimens  of  this  species  were 
collected  at  the  locality  now  known  as  Fern  Glen.”  How  he  came  to  this  knowledge 
is  not  stated,  but  it  is  possible  that  he  saw  Swallow’s  type  collection  at  the  Uni- 
versity of  Missouri  before  it  was  destroyed. 

If  we  accept  Weller’s  statement  as  fact,  then  the  Fern  Glen  exposed  in  the 
railroad  cut  near  Fern  Glen  Station,  St.  Louis  County,  Missouri,  is  the  type  locality 
for  this  species.  The  Fern  Glen  Formation  itself  was  first  described  by  Weller 
from  the  exposures  at  Glen  Park  Station,  Jefferson  County,  Missouri.  In  Fig.  1, 
nearly  complete  specimens  are  illustrated  from  each  of  these  localities.  The  spec- 
imen from  Fern  Glen  Station  (Fig.  1 .7-1 . 1 1)  is  partially  silicified  and  indifferently 
preserved  but  is  otherwise  characteristic  of  this  species  in  both  size  and  outline. 
The  Glen  Park  Station  specimen  (Fig.  1.2- 1.6)  is  well  preserved  but  is  unusually 
rotund  for  this  species.  Fig.  2 shows  transverse  serial  sections  of  the  interior  of 
F.  vernonensis  from  the  Nunn  Member  of  the  Lake  Valley  Formation,  New  Mex- 
ico. 

Stratigraphic  range. —IhdiiQ  Kinderhookian,  Early  Osagean  (?M.  Toumaisian, 
U.  Toumaisian). 


Tegulocrea,  new  genus 
(Fig.  3.1-3.34,  4) 

Type  species.— Spirifer  incertus  Hall  1858,  p.  602. 

Etymology. —teguia  (L.),  tile;  ocrea  (L.),  sheath  or  husk. 

Other  species  assigned.— Spirifer  tenuicostatus  Hall  1858,  Spirifer  tenuimarginatus  Hall  1858.  Ac- 
cording to  Weller  (1914:356),  the  latter  species  may  be  a synonym  of  the  former. 

—Slightly  smaller  than  average  imbrexiids;  outline  subquadrate  to 
subsemicircular;  profile  lenticular,  only  moderately  infiated;  both  valves  mod- 
erately convex,  dorsal  usually  slightly  less  convex  than  ventral,  often  flattened  or 
weakly  concave  near  lateral  extremities;  cardinal  extremities  subangular  to  slightly 
mucronate  in  adults,  slightly  rounded  in  juveniles;  maximum  width  usually  at- 
tained at  or  near  hingeline;  fold  and  sulcus  moderately  developed,  moderately 
narrow  to  broad,  fiaring  anteriorly  to  incorporate  additional  costae  from  lateral 
slopes  in  large  adults;  sulcus  often  poorly  delineated  from  lateral  slopes  with 
rounded  borders;  fold  well  defined  anteriorly,  sometimes  subcarinate;  entire  sur- 
face with  numerous  fine  imbricate  costae  some  of  which  bifurcate  or,  more  rarely, 
trifurcate  freely;  costae  in  sulcus  moderately  numerous,  median  costa  simple, 
lateral  ones  often  bifurcating;  first  lateral  costa  bounding  fold  invariably  bifur- 
cating in  umbonal  region;  dental  adminicula  short  or  rudimentary. 

Comparisons. —This  new  genus  can  be  differentiated  from  other  members  of 
this  family  by  its  modest  size,  thinner  profile,  finer  ribbing  and  very  short  or 
rudimentary  dental  adminicula.  It  is  similar  to  Ala  Nalivkin  in  its  freely  bifurcating 
or  even  trifurcating  ribbing  but  the  costae  are  finer.  The  cardinal  extremities  of 
Ala  appear  to  be  rounded  in  all  growth  stages,  not  mucronate  or  angular  as  in 
adults  of  Tegulocrea.  As  discussed  above,  it  is  not  known  whether  or  not  Ala  is 
imbricate. 
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Fig.  4.— Transverse  serial  sections  of  a medium-sized  specimen  of  Tegulocrea  incerta  (Hail)  from 
locality  SL407,  CM  35013,  x2.5.  Numbers  refer  to  distance  in  millimeters  from  the  ventral  beak. 


Remarks.— Tht  type  of  Spirifer  incertus  Hall,  from  the  Burlington  Limestone 
at  Burlington,  Iowa,  is  in  the  collections  of  the  American  Museum  of  Natural 
History.  It  is  a crushed  incomplete  specimen.  Weller  (1914:pl.  51)  illustrated  this 
holotype  plus  a fine  large  complete  shell  and  an  excellent  ventral  valve,  both  also 
from  the  Burlington  Limestone  at  Burlington.  This  species  is  rare  in  the  Burlington 
Limestone  and  has  not  been  cited  in  the  North  American  literature  since  Weller 
(1914). 

The  growth  series  illustrated  herein  (Fig.  3)  is  from  a small  bioherm  in  the  St. 
Joe  Formation  at  Kenwood,  Mayes  County,  Oklahoma.  This  fauna  is  judged  to 
be  of  lower  Burlington  age.  The  collection  includes  several  large  incomplete  spec- 
imens comparable  in  size  to  Weller’s  large  specimens  but  most  of  the  specimens 


Fig.  ^.  — Tegulocrea  incerta  (Hall).  3.1-3.34,  ventral,  dorsal,  anterior,  posterior,  and  lateral  (no  lateral 
view  for  the  small  specimen)  views  of  a growth  series  of  seven  nearly  complete  specimens  from  the 
St.  Joe  Limestone  near  Kenwood,  Mayes  County,  Oklahoma  (SL407),  CM  35006-35012,  x 1. 
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fall  within  the  size  range  seen  on  Fig.  3.  Internal  details  can  be  seen  in  Fig.  4,  a 
series  of  tranverse  sections. 

Stratigraphic  —Osagean  (Upper  Toumaisian-Middle  Visean). 

Family  Spiriferidae  King,  1 846 
Subfamily  Spiriferinae  King,  1 846 

Genus  Spirifer  Sowerby,  1816 

This  cosmopolitan  genus  has  been  identified  in  many  brachiopod  faunas  of 
Lower  Carboniferous  age.  Recognition  of  the  true  affinities  of  the  type  species, 
Spirifer  striatus  (Martin,  1 793)  has  progressed  slowly  over  the  past  century  or  so. 

In  the  first  edition  of  the  brachiopod  volumes  (Part  H)  of  the  Treatise  on 
Invertebrate  Paleontology  (Pitrat,  1965),  the  genus  Spirifer  wdiS  still  grouped  with 
morphologically  diverse  genera.  I have  assigned  those  genera  to  four  different 
families  in  two  superfamilies  for  the  next  edition  of  the  Treatise. 

In  1974, 1 restricted  the  subfamily  Spiriferinae  to  genera  with  numerous  bifur- 
cating costae  on  the  entire  valve  surfaces  and  with  a poorly  delimited  fold-sulcus. 
As  thus  constituted  it  included  the  following  genera:  Spirifer  Sowerby  1816,  Im- 
Nalivkin  1937,  GrandispiriferYang  1959 , PodtsheremiaKalashnikov  1966, 
and  Warsawia  Carter  1974.  Poletaev  (1986)  removed  Podtsheremia  and  assigned 
it  to  his  new  subfamily  Pudonellinae  that  is  characterized  by  having  a consistently 
narrow  hingeline  with  rounded  cardinal  extremities  in  all  growth  stages. 

As  seen  above,  I have  further  restricted  the  Spiriferinae  by  removal  of  the  genus 
Imbrexia  Nalivkin  to  a new  family,  the  Imbrexiidae.  Therefore,  as  presently 
defined,  the  Spiriferinae  include  only  transverse  genera  with  numerous  bifurcating 
costae  on  the  entire  valve  surfaces  and  a poorly  delimited  fold  and  sulcus. 

Of  course,  this  reexamination  of  the  spiriferid  genera  prompted  a reexamination 
of  the  concept  of  the  genus  Spirifer  itself.  Unfortunately,  a review  of  all  the 
Carboniferous  species  assigned  to  this  widely  identified  genus  is  far  beyond  my 
resources.  There  are  few  collections  of  Eurasian  species  of  Spirifer  sensu  stricto 
in  the  United  States.  However,  it  has  been  possible  to  reexamine  the  North 
American  species  assigned  to  this  genus  as  it  is  now  defined.  The  result  of  this 
study  convinces  me  that  four  or  more  North  American  species  are  closely  related, 
forming  a lineage  that  ranges  in  age  from  late  Kinderhookian  to  late  Osagean 
(Middle  Toumaisian-Middle  Visean).  These  species  are  consistently  and  readily 
differentiated  from  the  type  species,  Spirifer  striatus,  on  purely  morphological 
grounds  which  justifies  separation  as  a subgenus.  Separating  these  North  American 
species  from  Spirifer  striatus  and  its  close  allies  at  the  genus  level  may  not  be 
tenable  on  the  basis  of  growth  form  alone.  The  consistency  of  growth  form  in  the 
type  species  and  its  closely  related  congeners  is  not  readily  ascertainable  from  the 
literature.  I suggest  that  they  seem  to  be  characterized  by  having  a moderately  to 
strongly  transverse  alate  to  mucronate  growth  form  in  all  but  the  earliest  growth 
stages  which  presumably  are  rounded.  I have  not  observed  this  latter  detail  but 
infer  that  a wide  acute  hingeline  is  unlikely  to  occur  in  brachiopod  spat. 

Spirifer  {Spirifer)  Sowerby,  1816 

Type  species.  — Conchyliolithus  (Anomia)  striatus  Martin,  1793,  pi.  23. 

Other  species  assigned.  —Spirifer  baiani  Nalivkin  1937,  Spirifer  ischimicus  Litvinovitch  1962,  Neo- 
spirifer  karagai  Litvinovitch  1962,  Spirifer  cascadensis  Warren  1927,  ?Spirifer  mountraensis  Carter 
1987. 
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Medium  to  large,  transverse;  outline  subtrigonal  to  subsemicir- 
cular; cardinal  extremities  alate,  mucronate  or  angular  in  all  observable  growth 
stages. 

Remarks.— ThQ  earliest  species  of  this  subgenus  known  to  me  is  Spirifer  cas- 
cadensis  Warren  from  the  middle  Banff  Formation  of  Alberta,  Canada.  Its  age  is 
judged  to  be  very  late  Kinderhookian  or  late  Middle  Toumaisian,  slightly  younger 
than  the  first  occurrence  of  Spirifer  (Mesochorispira)  gregeri  Weller  which  is  from 
the  preceding  faunal  unit  of  Carter  (1991).  The  antecedents  of  Spirifer  cascadensis 
are  not  known.  Its  appearance  is  cryptogenic.  Spirifer  mountraensis  Carter  1987 
is  queried  because  in  large  adults  it  has  angular  truncated  cardinal  extremities.  In 
earlier  growth  stages  it  is  alate  and  strongly  transverse. 

Stratigraphic  range.  ~1.2lXq  Middle  Toumaisian-Lower  Namurian. 

Spirifer  (Mesochorispira),  new  subgenus 

Fig.  5,  6 

Type  species.— Spirifer  grimesi  Hall  1858,  p.  604  (the  two  syntypes  in  the 
University  of  Illinois  collections  are  from  the  Burlington  Limestone  at  Burlington, 
Iowa).  This  species  is  widely  distributed  in  Early  Osagean  (Upper  Toumaisian) 
rocks  throughout  the  mid-continent  and  the  southern  Cordilleran  region. 

Etymology. — mesos  (Gr.),  middle;  chows  (Gr.),  land  or  country;  spira  (Gr.),  spire.  The  name  refers 
to  the  geographic  distribution  of  this  taxon  in  the  North  American  mid-continent. 

Other  species  assigned.— In  addition  to  the  type  species  the  following  taxa  are  placed  here:  Spirifer 
gregeri  Weller  1914,  Spirifer  rowleyi  Weller  1909,  and  Spirifer  logani  Hall  1858.  Spirifer  striatiformis 
Meek  1 875  may  be  assigned  here  although  it  is  significantly  smaller  than  the  foregoing  species.  Spirifer 
esplanadensis  Brown  1952  is  small  and  has  an  unusual  low  fold  in  the  bottom  of  the  sulcus  but 
otherwise  is  similar  to  the  above  species. 

Other  possible  members  of  this  subgenus  occur  in  Belgium  and  Russia.  The  Belgian  Upper  Tour- 
naisian  species  Koninck  (1887)  incorrectly  referred  to  Spirifer  cinctus  Keyserling  1846  (plate  24,  fig. 
6,  7;  plate  26,  fig.  1=4)  and  Spirifer  subcinctus  Koninck  1883  (plate  24,  fig.  4,  5;  plate  26,  fig.  9-1 1) 
are  of  similar  size  and  posterior  growth  form  to  Spirifer  grimesi,  as  is  Spirifer  subgrandis  Beznosova 
1959  from  the  Upper  Toumaisian  of  the  Kuznets  Basin. 

Diagnosis.  - Medium-sized  to  large  Spirifer  With,  transverse  to  elongate  subovate 
outline;  with  double  reversal  in  growth  form,  from  rounded  cardinal  extremities 
in  juveniles,  to  slightly  transverse  mucronate  cardinal  extremities  at  mid-size,  and 
back  to  rounded  cardinal  extremities  in  adults. 

Remarks.  — Weller’s  (19 14:36 1)  description  of  the  type  species  is  still  applicable 
as  are  his  comparisons  with  similar  species.  Fig.  5 shows  a large  transverse,  well- 
preserved,  nearly  complete  individual  of  the  type  species  from  the  St.  Joe  For- 
mation of  Oklahoma  that  illustrates  well  the  ornamentation  and  rounded  cardinal 
extremities.  In  Fig.  6 posterior  views  of  two  incomplete  specimens  from  the 
Burlington  Limestone  of  Missouri  show  the  growth  lines  that  indicate  a double 
reversal  of  growth  form  during  ontogeny. 

The  closeknit  group  of  species  from  the  upper  Mississippi  Valley  region  con- 
sisting of  Spirifer  gregeri  from  the  upper  Chouteau  and  Sedalia  Dolomite,  Spirifer 
rowleyi  from  the  Fern  Glen  Formation,  Spirifer  grimesi  from  the  Burlington  Lime- 
stone, and  Spirifer  logani  from  the  Keokuk  Limestone  clearly  form  a lineage.  The 
immediate  progenitor  of  the  earliest  species,  Spirifer  gregeri,  is  not  known.  This 
species  first  occurs  in  the  Late  Kinderhookian  (Middle  Toumaisian)  Chouteau 
Limestone  of  northeastern  Missouri  and  is  possibly  the  earliest  known  occurrence 
of  the  genus  Spirifer  or  the  subfamily  Spiriferinae. 

A possible,  or  even  likely,  generic  ancestor  for  this  group  is  the  Late  Famennian- 
Early  Kinderhookian  prospirin  genus  Paralellora  Carter  1974,  which  also  occurs 
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Fig.  6.—Spirifer  (Mesochorispira)  grimesi  Hall.  1,  2,  posterior  views  of  two  specimens  from  the  lower 
Burlington  Limestone  at  Louisiana,  Missouri  (SL854)  showing  ontogenetic  changes  in  growth  form 
as  indicated  by  the  growth  lines,  CM  35015,  35016,  x 1. 


in  the  upper  Mississippi  Valley  region.  This  genus  is  of  medium  size  and  is 
characterized  by  having  moderately  numerous  costae  that  bifurcate  freely  in  large 
adult  specimens  of  the  youngest  known  species,  the  early  Kinderhookian  P.  nupera 
Carter  1988.  The  growth  form  of  this  species  is  similar  to  that  of  Mesochorispira, 
that  is  to  say,  rounded  in  the  very  earliest  stages,  transversely  mucronate  in  middle 
growth  stages,  and  becoming  rounded  again  in  adults.  Paralellora  is  assigned  to 
the  subfamily  Prospirinae  on  the  basis  of  its  modest  number  of  costae  on,  and 
clear  delineation  of,  the  fold-sulcus.  The  stratigraphic  interval  between  the  last 
occurrence  of  Parallelora  and  the  first  appearance  of  Spirifer  {Mesochorispira)  is 
currently  devoid  of  similar  spiriferids  in  North  America. 

Stratigraphic  range.  — Late  Kinderhookian-Late  Osagean  (Middle  Toumaisian- 
Middle  Visean). 
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DINOSAUR  SYSTEMATICS:  APPROACHES  AND  PERSPECTIVES.  Ken- 
neth Carpenter  and  Philip  J.  Currie,  eds.  1990.  Cambridge  University  Press, 
Cambridge.  318  p.  ISBN  0-521-36672-0. 

In  1986,  the  Tyrrell  Museum  of  Palaeontology  in  Drumheller,  Alberta,  was 
host  to  the  Dinosaur  Systematics  Symposium.  This  volume,  the  published  account 
of  that  symposium,  represents  a collection  of  often  interesting  papers.  Historically, 
dinosaur  specialists  have  not  devoted  much  discussion  to  morphological  variation, 
although  one  exception  was  Charles  M.  Sternberg  to  whom  this  volume  is  dedi- 
cated. Instead,  variants  usually  were  considered  new  taxa  (see  Dodson,  1975, 
1976,  for  exceptions).  Recent  discoveries,  however,  both  methodological  and  in 
the  held,  have  aided  dinosaur  specialists  to  understand  better  the  form  and  struc- 
ture of  the  animals  they  study. 

Throughout  this  volume  morphological  variation  is  largely  attributed  to  either 
of  two  causes:  ontogenetic  variation  (e.g.,  Colbert,  Lehman)  or  sexual  dimorphism 
(e.g.,  Colbert,  Raath,  Lehman,  Weishampel  and  Chapman).  Although  collectively 
these  papers  are  a reasonable  attempt  at  discussing  such  variation,  at  times  the 
small  sample  sizes  still  make  conclusions  unconvincing  (e.g.,  Carpenter,  sexual 
dimorphism  in  T.  rex). 

The  volume  says  as  much  about  the  state  of  dinosaur  systematics  as  the  indi- 
vidual papers  say  about  particular  issues.  The  methodological  approaches  of  the 
various  authors  range  from  the  traditional  to  the  sophisticated.  For  example, 
McIntosh’s  treatment  of  sauropod  systematics  relies  heavily  on  the  empirical 
evaluation  of  individual  characters.  Simple  limb  element  ratios  are  the  only  trans- 
formation of  data.  These  are  intended  to  eliminate  the  effects  of  size  when  making 
comparisons  among  the  various  sauropod  families.  However,  the  use  of  ratios  as 
a valid  shape  discriminator  has  been  a source  of  controversy  (e.g.,  Dodson,  1978; 
Bookstein  et  al.,  1985;  and  references  therein)  and  this  should  have  prompted 
McIntosh  to  justify  his  methodology.  In  marked  contrast  to  this  relatively  simple 
analysis  of  changes  in  shape  among  the  sauropods  are  the  more  sophisticated 
morphometric  approaches  of  several  other  contributors  such  as  Chapman,  Weis- 
hampel and  Chapman,  Chapman  and  Brett-Surman,  and  Dodson.  I found  the 
most  exciting  papers  within  this  group  to  be  those  by  Chapman,  and  Chapman 
and  Brett-Surman,  which  utilized  a type  of  landmark  shape  analysis,  Resistant- 
Fit  Theta-Rho-Analysis  (RFTRA),  to  investigate  dinosaur  morphology.  This  pro- 
gram, though  somewhat  crude  compared  to  other  morphometric  software  avail- 
able, is  user-friendly  and  promises  to  be  a powerful  tool  in  clarifying  shape  changes 
among  organisms.  Understanding  these  changes  will  help  us  discern  the  relation- 
ships among  various  organisms,  as  well  as  aiding  in  functional  analyses. 

Some  interesting  taxonomic  controversies  are  discussed  in  depth  by  various 
authors,  yet  others  are  raised  and  left  dangling.  For  example,  the  arguments  for 
diphyletic  (Homer)  and  monophyletic  (Chapman  and  Brett-Surman)  origins  of 
the  hadrosaurs  are  stimulating  and  highlight  a need  for  further  work.  In  addition, 
the  validity  of  the  Iguanodontidae  is  discussed  in  detail  by  Norman  and  strongly 
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affirmed.  This  study  forms  a nice  counterpoint  to  several  papers  by  Sereno  (e.g., 
1986),  including  his  contribution  to  this  volume. 

Lehman  presents  a sound  definition  for  two  subfamilies  of  ceratopsians,  the 
chasmosaurines  and  the  centrosaurines,  although  he  focuses  much  of  his  study 
on  the  chasmosaurines.  In  the  following  paper,  Dodson  revises  the  centrosaurine 
ceratopsians  and  provides  interesting  arguments  on  the  status  of  some  centro- 
saurines. Both  Lehman,  with  his  Texas  Chasmosaurus  sample,  and  Dodson  il- 
lustrate the  pervasiveness  of  sexual  dimorphism  in  ceratopsian  dinosaurs. 

Among  the  controversies  raised  but  not  developed  is  Ostrom’s  and  Wellnhofer’s 
suggestion  that  Torosaurus  may  be  the  male  Triceratops.  No  evidence  is  provided 
to  support  this  idea,  either  in  this  work  or  in  their  original  paper  on  Triceratops 
(Ostrom  and  Wellnhofer,  1986).  In  addition,  although  Lehman  and  Dodson  treat 
their  main  topics  well,  one  point  deserved  elaboration.  Lehman  states  briefly  that 
Dodson’s  Avaceratops,  as  well  as  Brachyceratops,  may  be  junior  synonyms  of 
Monoclonius.  Dodson  reaffirms,  at  length,  the  validity  of  Brachyceratops  in  his 
paper  but,  in  light  of  Lehman’s  statement,  falls  short  in  his  defense  of  Avaceratops. 

Several  papers  address  the  issue  of  variation  in  tooth  morphology  within  par- 
ticular groups  of  dinosaurs.  For  example,  Currie  et  al.  show  that  teeth  are  diag- 
nostic for  small  Judithian  theropods  at  least  to  the  generic  level.  [Note:  in  the 
introduction  to  their  article  they  refer  to:  Gilmore,  C.  W.  1924.  A new  coelurid 
dinosaur  from  the  Belly  River  Cretaceous  of  Alberta.  Can.  Geol.  Surv.  Dept. 
Mines  Bull.  38  (Geol.  Ser.  48):  1-1 2.  In  fact  they  should  be  referring  to:  Gilmore, 
C.  W.  1 924.  On  Troodon  validus;  an  omithopodous  dinosaur  from  the  Belly  River 
Cretaceous  of  Alberta.  Bull.  Univ.  Alberta  Dept.  Geol.  1:1-43.]  In  contrast, 
Coombs’  paper  shows  that  ankylosaur  teeth  are  not  diagnostic  below  the  ordinal 
level.  On  the  middle  ground,  Homer  provides  details  for  discriminating  two  types 
of  hadrosaur  teeth,  the  hadrosaurine  (his  Hadrosauridae)  and  the  lambeosaurine 
(his  Lambeosauridae)  hadrosaurs. 

Though  straying  from  the  theme,  one  of  the  most  stimulating  chapters  in  this 
volume  is  Sarjeant’s  classification  of  footprints.  He  stresses  correctly  that  foot- 
prints are  biogenic  structures,  not  biological  organisms,  and  naming  footprints  as 
if  they  were  organisms  is  unrealistic.  Instead,  Sarjeant  emphasizes  the  identifi- 
cation of  footprints  based  on  the  interaction  of  organismal  behavior  and  sediment 
texture,  a practice  commonly  observed  more  frequently  by  those  studying  inver- 
tebrate trace  fossils. 

In  summary,  this  collection  of  papers  is  an  insightful  investigation  into  dinosaur 
paleontology,  and  offers  stimulating  material  for  anyone  interested  in  dinosaurs. 
Even  though  the  volume  is  based  on  material  presented  at  a meeting  which  took 
place  in  1986,  it  is  still  a strong  statement  on  the  sophistication  of  methodologies 
now  being  used  in  studying  dinosaurs.  Too  often  people  outside  the  field  of 
dinosaur  paleontology  view  dinosaurs  as  fun  animals  to  be  discussed  over  lunch 
but  do  not  consider  the  subject  worthy  of  more  serious  study.  Thoughts  on  di- 
nosaurs precipitate  fun  discussions  for  the  specialist  and  non-specialist  alike,  but 
this  volume  emphasizes  the  serious  work  being  done  in  the  field  of  dinosaur 
paleontology  which  should  not  be  overlooked. 
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